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ABSTRACT 
Safe surgical practice requires a combination of technical and non-technical skills. 
Acute stress can impair both sets of skills, compromising performance and patient 
safety. This thesis explores stress in surgery, with the aim of developing an evidence-
based intervention to reduce stress and its deleterious effects. 
An introduction to the current landscape of surgical training is presented followed by 
an exposition of the theoretical basis for this work. A systematic review on the effects 
of stress concludes that it does impair surgical performance, underlining the need for 
an intervention to improve safety. A psychometrically robust tool to capture stress, 
The Imperial Stress Assessment Tool, is then developed and validated in a cross-
sectional real theatre observational study. A subsequent training needs analysis 
reveals that surgeons favour cognitive training and a simulation-based approach to 
stress management. Following this, a stress management intervention based upon 
mental practice is developed and validated. It is firstly demonstrated to reduce stress 
and improve technical skills of novice surgeons on a full procedural simulator. The 
intervention is then refined before the final phase of this thesis, set in a high fidelity 
simulated operating theatre. Here, a detailed empirical evaluation confirms that 
mental practice enhances performance and reduces objective stress in surgeons. 
Future research should determine whether these positive effects transfer to the real 
theatre, paving the way for the integration of stress management training into the 
formal surgical curriculum. 
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PREFACE 
Stress has become a common denominator in our fast-paced, complex society. Work stress, 
family stress, financial stress, chronic stress, and for some, posttraumatic stress are no longer 
isolated experiences but common concerns shared by people from varied backgrounds and in 
differing social circumstances. 
I became interested in stress as a concept during my intercalated BSc in psychology which I 
conducted during my medical training. What causes stress, how it affects us and why some 
people cope better than others were always key questions. In my early surgical training, I 
acutely experienced the effects of stress, both in myself and in others. Late nights on call, 
dealing with death and dying, the hazardous environment of the Operating Theatre - stress 
was everywhere. I saw and learnt from my mentors, who took this all in their stride and dealt 
with their patients and others in a calm and professional manner. I also saw those who did not 
handle stress so well. The shouting in theatre, instruments being thrown, people losing their 
temper, the machismo culture of 'stress doesn't affect us - we're surgeons - we get on with 
it,' was equally prominent. I thought back to my medical training - nothing had really 
equipped me to deal with this. We were all taught anatomy, pathology and other traditional 
disciplines; although our communication teaching had touched upon what to do with a 
difficult patient, nothing had taught me how to deal with things when something went wrong 
on this scale. 
These issues became most salient late one night when I was operating on an obese patient 
with appendicitis who started to bleed profusely. I had never encountered this before. All the 
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previous cases had been uncomplicated, simple almost. I tried all I could think of - 1 put a 
swab on it, suctioned, washed out to no avail. I could feel my pulse racing, my breathing 
quicken and slowly but surely I began to panic. I too started to shout at the scrub nurse to get 
me some equipment, something, anything.. .The anaesthetist asked if blood could be ordered. 
In my haste to get the patient to theatre, I had forgotten to check whether the group and save 
had been done - it had not. I panicked further. Desperately I tried to think of how my boss 
dealt with this - 1 realised with cold clarity I had never been in theatre when this type of 
crisis had occurred, when the bleeding simply would not stop. Everything around me began 
to deteriorate, my teamwork, my manual dexterity, my temper, the patient... Fortunately the 
consultant anaesthetist realised I was out of my depth and called my consultant - something 
that in the middle of all this stress, I simply had not even thought of doing. My boss, who 
was on site, arrived very quickly and immediately did what now seemed the most obvious 
thing in the world. He extended the incision, pinpointed the bleeding and put a stitch through 
it. The bleeding stopped and the patient did very well. Why did I not think to that? I knew 
from my reading that it was a recognised option. I didn't remember because I got stressed. 
Nagging questions went through my mind. What if my boss was not so readily available? 
What if the anaesthetist was also junior, would he have realised I was not coping - would he 
have called my consultant? I felt I had a lucky escape. Subsequently, I developed my own 
way of coping and so did my peers. What struck me was what was there to say that one way 
of coping was better than the other. This widespread variability must have had some 
influence on the safety of the patient that we all strove to protect. 
My fiirther surgical training led to me developing my technical skills as a surgeon. In any 
operating theatre however, it soon becomes blatantly apparent that the technical ability of the 
surgeon is only part of the picture. What matters equally (if not more) is the team working 
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and the communication processes that go on, the ability to come together as a unit when 
something goes wrong to ascertain the safest possible care. I realised that stress affects all of 
these processes and the fact that there is no systematic strategy to manage it seemed 
remarkable, especially considering my own experiences and 'lucky escape.' 
Consequently, and with the support of an internationally recognised patient safety unit and a 
pioneering department in surgical education and training, I embarked upon this PhD with the 
goal of developing and evaluating an intervention to minimise stress in surgeons so as to 
reduce the dependency on luck when things go wrong. In doing this, I hope that this will 
raise awareness of stress in the surgical community and allow for the development of 
systematic coping strategies allowing us all to adhere to the first duty of a doctor as stated in 
General Medical Practice, 'to protect the life and health of the patient to our best possible 
ability.' 
Thesis Outline 
This Thesis charts my journey of understanding stress, its effects on performance and how to 
train surgeons to be confident in dealing with the unplanned and the unexpected. The first 
chapter provides an introduction to the background landscape against which this Thesis is 
conducted. The second chapter provides an overview of the theoretical basis of this research, 
outlining the models of stress. The third chapter is a systematic review of the literature 
specific to stress and surgical performance. Chapter four is the first empirical piece of work 
describing the development of a rigorous methodology to measure stress in the OR. Chapter 
five is an interview study outlining what surgeons would want firom a stress training 
intervention - essential to ensure the end product is appropriate and acceptable to the needs 
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of the Surgical Community. Chapter six explores potential stress management interventions 
and provides a background to the chosen one -Mental Practice. Within Chapter seven, a 
Mental Practice training strategy for surgery is developed and validated as a first step 
towards intervention development. Chapter eight describes the initial empirical testing of the 
intervention to determine whether it reduces stress and enhances technical skill in a skills lab. 
Building upon these findings, chapter nine outlines the development and validation of mental 
practice as a strategy to improve non-technical skills. The final empirical chapter ten brings 
all this together to describe the rigorous evaluation of the intervention in a high fidelity 
stressful environment to determine whether it can reduce stress and enhance both technical 
and non-technical performance of surgeons. Finally, chapter eleven discusses the key 
findings of this Thesis, outlining limitations, implications and fixture work. 
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THESIS AIMS 
The aims of this Thesis are to: 
1. Explore the effects of stress on surgical performance. 
2. Systematically develop and evaluate an intervention to reduce intra-operative stress 
and enhance surgical performance. 
Research hypothesis 
A structured, simulation based intervention can reduce stress and improve the performance of 
surgeons. 
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SURGICAL TRAINING AND PATIENT SAFETY 
1.1 Chapter overview 
This chapter sets the context for the Thesis by providing the backdrop against which the body 
of work is conducted. It firstly outlines the evolving nature of contemporary training and the 
challenges to becoming a competent surgeon in the current climate. Alternative training 
environments, in particular simulation, and their role for skills training are briefly explored. 
Next, recent concerns for patient safety that have led to an increased focus upon non-
technical skills are discussed. Finally the conspicuous absence of managing stress as a key 
non-technical skill is highlighted - serving as a platform for the work reported in this Thesis. 
1.2 Surgical training in the UK 
The fondamental aim of surgical training is to produce the most competent surgeon possible 
(Youngson et al., 2010b). Quite how this training should take place is one of the most hotly 
debated topics currently engaging the profession. How surgery as a craft should be taught, 
how to assess whether an individual is competent, and how that competence should be 
maintained are key concerns (De Cossart L, 2005). 
In an attempt to address some of these issues, the nature of surgical training has dramatically 
altered over the last decade. Previously, post-graduate training consisted of a pre-registration 
House Officer year, followed by basic surgical training in the Senior House Officer (SHO) 
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grade, before progression to higher speciahst training as a SpeciaUst Registrar. Time spent 
as a SHO lasted anything from 3-5years with a further 6 years as a higher surgical trainee. 
Upon completion of this training, a Certificate of Completion of Specialist Training (CCST) 
was awarded and the surgeon was able to practice as a Consultant. 
The problems with this system were highlighted in a landmark report by the Chief Medical 
Officer entitled 'Unfinished Business' (Donaldson, 2002). Here, Donaldson alerted the 
surgical community to the problems faced by junior grades including poor job structure, 
poorly planned training, inadequate supervision, assessment and selection procedures. This 
report proposed a new approach to post-graduate education. In response, the UK health 
ministers published Modernising Medical Careers (MMC) with the intent to reform specialist 
training in its entirety into its current structure(Department of Health, 2003). 
The fundamental change with MMC was to streamline postgraduate training so as to deliver 
doctors able to demonstrate their competence. The aim was to provide a more structured 
educational programme with better supervision, appraisal and assessment systems 
(Department of Health, 2003). The first phase of MMC saw the introduction of a two-year 
foundation programme which bridged the gap between medical school and specialist 
training. The second phase of MMC, implemented in August 2007, incorporated the SHO 
and SPR grades into a single training grade, known as Specialty Training Registrars (StR) -
the end of which saw the award of the Certificate of Completion of Training (Department of 
Health, 2003). 
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1.3 Challenges to the current model of training 
Although this new system made the training of surgeons more transparent and accountable, it 
significantly shortened the time available to train (Tooke, 2008). This training time has since 
been further reduced by the introduction of the European Working Time Directive (EWTD) 
stating that clinicians cannot work more than 48 hours per week. As a result, the 
opportunities for trainees to learn their skills through exposure and experience in the 
Operating Room (OR) have greatly diminished (De Cossart 2001, Heath et al 2007). This is 
a particular problem for surgery because surgical training was traditionally based upon an 
apprenticeship model of a 'see one, do one, teach one' approach. Here trainees would learn 
their skills from their trainers in the OR, and in years to come pass them onto the next 
generation. The suitability of this model for training however has been increasingly called 
into question (Tooke, 2008, Moulton et al., 2006). 
There is mounting evidence that the OR is not the ideal environment for learning (Kneebone 
et al., 2007, Kneebone et al., 2005). There are numerous reasons for this thinking. Firstly, 
the main priority is the patient rather than training and as such, the environment is not 
learner-centred. Training is not adapted to needs of the learner, is not structured and task 
difficulty cannot be escalated to enhance skills (Kneebone et al., 2007). Second, due to 
service demands, time pressures and other stressors, trainers may not be able to impart their 
knowledge and skills to their juniors in the most educationally effective manner (Arora et al., 
2009d, Grantcharov et al., 2009). Furthermore, with more and more procedures being 
performed on a day case basis, minor operations that were previously considered suitable for 
trainees have now been shifted out to Specialised General Practitioners in the Community 
and nurse consultants in the hospital (Sharp et al., 1996). The rise of Independent Sector 
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Treatment Centres has also led to a diminished opportunity for surgical trainees to learn 
how perform the 'bread and butter' cases such as inguinal hernias (Department of Health, 
2008). Not surprisingly therefore, trainees now get much less experience than they were 
previously used to: the quality of the limited exposure they do receive remains questionable 
form an educators' perspective. 
Against this background, new techniques and technologies have evolved at an unprecedented 
pace. This has yielded major benefits to patients. For example, advances in minimally 
invasive surgery and the introduction of robotics have led to reduced post-operative 
morbidity and swifter rehabilitation. Although these technological advances have been 
valuable for patients, they have posed significant challenges to surgeons at all levels of 
training (Calatayud et al., 2010). Such challenges include using a 2D screen to judge a 3D 
field, mastering counterintuitive instruments, and the loss of tactile feedback firom the 
surgical field (Aggarwal et al., 2006b, Grantcharov et al., 2004). Not surprisingly therefore, 
these techniques have a steep learning curve which surgeons must overcome(Aggarwal et al., 
2006b, Aggarwal et al., 2004). The risk of complications in the early phase of this curve 
however is particularly high (Feliu-Pala et al., 2001, Grantcharov, 2008). This has fiirther led 
to the recognition that that 'there should be no learning curve as far as patient safety is 
concerned' (Senate of Surgery, 1998). 
Compounded with reduced working hours, increased accountability and concerns for patient 
safety, this advent of new technologies has compelled the medical community to reconsider 
the way in which surgery is taught (Arora et al., 2009a). If adequate experience can no longer 
be gained wholly through operating, alternative training environments for surgeons to learn 
their craft must be sought (Moulton et al., 2006, Aggarwal et al., 2006a). 
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1.4 Simulation in surgery - A new era for training 
Simulation offers a promising arena for training complementary to clinical practice. It can be 
defined as 'the act of mimicking a real object, event or process by assuming its appearance or 
outward qualities ' (Gorman et al., 1999). Crucially, simulation provides the trainee with the 
opportunity to learn in a safe, controlled environment - at their own pace and without risk to 
patients (Kneebone et al., 2007). Specifically the training agenda can be set according to the 
needs of the learner. Moreover, because the envirormient is safe, learning can be structured 
and tailored with trainees having 'permission to fail' (Kneebone, 2003). This allows them to 
make mistakes and appreciate the consequences of their mistakes within a zone of safety. 
More importantly trainees can learn to effectively manage and deal with their mistakes -
without compromising patient care. Evidence also suggests that skills acquired in the 
simulated environment transfer to the clinical setting (Issenberg et al., 2005, Sturm et al., 
2008)- making the training potential highly desirable in complex procedures. 
The important role that simulation plays in providing safer patient care and the need to fully 
integrate it into training programs has been highlighted by Sir Liam Donaldson, the previous 
Chief Medical Officer. Surgeons themselves also accept and appreciate the role of simulation 
in their training(Brown et al., 2010). As a result, the incorporation of simulation into 
educational programmes has become increasingly commonplace with a variety of different 
disciplines advocating its use as a unique mode for experiential learning and evaluation. 
Examples outside healthcare include aviation training using flight simulators for pilots 
(Helmreich, 2000) and training exercises for the military (Flin R et al., 2008). 
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Within surgery, ahhough simulation can be used to provide training in many of the factors 
required to be a competent surgeon it has thus far primarily been used for technical skills 
training (Grantcharov et al., 2008). This is not surprising because Technical skill (visual-
spatial coordination and dexterity) is a key aspect of surgical performance with post-
operative complications, wound infection and post-operative bleeding relating to poor 
technique forming nearly half of all surgical adverse events (Gawande et al., 1999). Because 
mastering the technical aspects of a procedure is crucial to surgery, much emphasis has been 
placed upon the measurement of these skills and the development of assessment tools to do 
so. Several assessment methods including the structured observation of skills and motion 
analysis using tools such as ICSAD (Imperial College Surgical Assessment Device) have 
made objective assessments possible (Moorthy et al., 2003c). Simulators themselves have 
evolved from simple bench top models (fig 1.1) to complex full procedural. Virtual Reality 
models (fig 1.2) allowing for the practice of a full spectrum of technical skill. 
Figure 1.1 Bench top simulation of knot-tying 
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Bas.c Task 
Full Procedure 
Figure 1.2 Virtual Reality Simulation of Laparoscopic Cholecystectomy 
1.5 Patient safety and non-technical skills 
Although technical skills are undoubtedly important in a practical speciality such as surgery, 
they are only one facet in maintaining patient safety. Patient safety can, at its simplest, be 
defined as: The avoidance, prevention and amelioration of adverse outcomes or injuries 
stemming from the process ofhealthcare(Kohn LT, 2000). Worldwide studies indicate that 
one in ten hospital inpatients is likely to suffer an adverse event as a result of being 
hospitalized - over half of which may be preventable (Gawande et al., 2003a, Vincent et al , 
2001, Baker et al., 2004). Surgery is a particular concern because the operating room has 
been revealed as the most likely place in a hospital for an adverse event to occur. A closer 
analysis of such adverse events has highlighted a number of contributing factors related to 
the surgeons' performance, errors, and near misses (Vincent et al., 2004). Typically, these 
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failures in care are not due to the technical skill of the operating surgeon but a breakdown in 
non-technical skills (Christian et al., 2006, Gawande et al., 2003a). Emerging evidence has 
emphasized the importance of these non-technical skills to safe surgical practice and their 
implications in adverse events (Gawande et al., 2003a, Vincent et al., 2001, Youngson et al., 
2010ay 
'Non-technical skills' refer to a set of cognitive and social skills that complement technical 
skills and contribute to safe and efficient task performance (Yule et al., 2006a). They can 
broadly be categorized into two main domains - cognitive and behavioural. Cognitive skills 
are those that pertain to how and what a surgeon thinks as they perform a procedure. 
Examples include situation awareness and decision making (Flin et al., 2007). Behavioural 
skills relate to how a surgeon acts or behaves in OR in relation to those around him. This 
includes the surgeon's communication, teamwork and leadership skills (Yule et al., 2006a, 
Flin et al., 2009). As with other high-reliability, high-performing industries, the surgical 
community is gradually acknowledging the role of these skills in determining surgical 
outcome (Vincent et al., 2004). Different methods to capture these skills have been 
developed and refined including interviews, self-report or direct observation with specific 
scales such as NOTSS (Yule et al., 2006b), ANTS (Fletcher et al., 2003) OTAS (Undre et al., 
2007b) and NOTECHS (Sevdalis et al., 2008a). Evidence that these skills can be trained is 
rapidly emerging leading to improved safer performance in routine and crisis scenarios 
(Moorthy et al., 2006b, Moorthy et al., 2005). Interventions which range from simple 
briefings and checklists (Haynes et al., 2009) to complex, high fidelity fiill team simulations 
(Undre et al., 2007a, Arora et al,, 2008a) have been developed to further improve non-
technical skills in doctors and consequently clinical processes and outcomes. 
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1.6 The role of stress 
Better understanding of the determinants and contributors to surgical processes and outcomes 
is of paramount importance. For all the recent surge in the evidence base on non-technical 
skills, being able to effectively manage stress remains considerably under -researched. This 
may reflect the failure in clinical practice to acknowledge the role of stress - particularly in 
surgery. Despite this, preventing and managing the deleterious consequences of stress is a 
hallmark of expertise necessary for safe practice. From this point of view, minimising stress 
and maximising coping ability is a key non-technical skill that deserves significant further 
study. Before doing so however, it is important first to understand the theoretical basis of 
stress. This is explored in the next chapter. 
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INTRODUCTION TO STRESS 
2.1 Chapter Overview 
This chapter provides an overview of the current theoretical perspectives of stress, 
characterizing the psychological theory and models of stress and coping. It is important to 
state here that the focus of this Thesis is upon acute mental stress as opposed to chronic 
stress, physical stress or burnout (Edgar, 1999, Shanafelt et al., 2010). In the first part of the 
chapter, three common theories representing distinct approaches to the field of stress research 
are presented; Selye's theory of'systemic stress' based in physiology and psychobiology 
(Selye, 1978), the psychological stress model developed by Lazarus (Lazarus, 1966) and the 
resource theory. Finally the Yerkes-Dodson Law is outlined (Yerkes et al., 1908). In the 
second part of the chapter, an introduction to stress in surgery is given, highlighting the 
pertinent issues in this applied field. 
2.2 Definition of stress 
Originally coined as a term in physics, stress referred to external pressure or force applied to 
a structure (Mason, 1975b). In the transition from physics to the behavioural sciences, the use 
of the term stress has changed. In most approaches it now refers to bodily processes resultant 
from circumstances that place physical or psychological demands on an individual (Selye, 
1973). The external forces that impinge on the body are called stressors. In terms of the 
psychological literature a stressor is defined as any real or imagined event, condition, 
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situation, or stimulus that instigates the onset of the human stress response process within an 
individual (Everly et al., 2002). The transactionist model, which defines stress in terms of the 
interaction between an individual and his environment, states that stress is present only when 
demands outweigh perceived resources(Lazarus, 1966). 
2.3 Theories of Stress 
There are two main categories of theories that focus on the specific relationship between 
external demands (stressors) and bodily processes (stress). One approach is based in 
physiology and psychobiology (Selye, 1978) and refers to 'systemic stress' whilst the other, 
termed 'psychological stress' has been developed within the field of cognitive psychology 
(Lazarus, 1966). 
2.3.1 Systemic Stress: Selye's Theory 
This stems largely from the work of the endocrinologist Hans Selye who observed that in 
animal studies a variety of stimulus events (e.g., heat, cold, toxic agents) are capable of 
producing common effects that are not specific to either stimulus event. These non-
specifically caused common effects constitute the stereotypical, i.e., specific, response pattern 
of systemic stress. According to Selye (Selye, 1978) stress is thus defined as 'a state 
manifested by a syndrome which consists of all the non-specifically induced changes in a 
biologic system.' This state has been termed 'General Adaptation Syndrome' (GAS). The 
GAS is made up of three stages: firstly the alarm reaction as the subject encounters the 
stressor, secondly the resistance stage where physiological coping mechanisms are instigated 
and thirdly the exhaustion stage which occurs if the resistance stage is prolonged. 
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However specific critical issues have been raised against this theory. These include failure 
to include psychological aspects of stress and the question of how applicable animal studies 
were to humans. Furthermore, the concept that the reactions of humans to stress is so uniform has 
been challenged by a wealth of data (Lazarus et al., 1984). How people respond to challenges from 
their environment can be seen as a function of their personality, perceptions, and the context in which 
the stressor occurs (Meichenbaum, 1977). 
Another criticism is directed at the theory's core assumption of a nonspecific causation of the 
GAS. Mason (Mason, 1975a) pointed out in fact this causation was not completely non 
specific - all the stressors were novel, strange, and unfamiliar leaving the animal in a state of 
helplessness, uncertainty, and lack of control. Consequently, the hormonal GAS responses 
followed the (specific) emotional impact of such influences rather than the apparently 
nonspecific events themselves. Mason (Mason, 1975a) demonstrated this further by showing 
that in experiments where uncertainty had been eliminated no GAS was observed. This 
criticism lead to a second argument: the stress experienced by humans is almost always the 
result of a cognitive mediation (Lazarus, 1974) Selye's theory, however, does little to 
identify those mechanisms that explain the cognitive ti-ansformation of'objective' noxious 
events into the subjective experience of being distressed. Furthermore, Selye does not 
account for coping mechanisms as important mediators of the stress-outcome relationship. 
Both these topics are however key to the psychological stress theories described by the 
transactionist model (Lazarus and Folkman, 1984). 
2.3.2 Psychological Stress: The Lazarus Theory 
Since its original description in 1966 (Lazarus, 1966), this psychological theory has been 
extensively revised. In the latest version (Lazarus, 1991), stress is regarded as a relational 
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concept, i.e. the relationship ('transaction') between individuals and their environment.. This 
transactional, or interactional, approach focuses on thoughts and awareness that impact the 
overall individual stress response an individual exhibits. In this approach, 'Psychological 
stress refers to a relationship with the environment that the person appraises as significant for 
his or her well being and in which the demands tax or exceed available coping resources' 
(Lazarus et al., 1986) 
Two concepts key to this act as central mediators within the person-environment transaction: 
cognitive appraisal i.e., individuals' evaluation of the significance of what is happening for 
their well-being, and coping i.e. individuals' efforts in thought and action to manage specific 
demands (Lazarus, 1993b). The concept of appraisal is based on the idea that emotional 
processes (including stress) are dependent upon individual expectancies of the significance 
and outcome of a specific encounter. This helps to explain individual differences in quality, 
intensity, and duration of an elicited emotion in environments that are objectively equal. 
These appraisals, in turn, are determined by a number of personal and situational factors. 
Two basic forms of appraisal, primary and secondary (Lazarus, 1966) have been identified. 
Primary appraisal is the individual's evaluation of an event or situation as a potential hazard 
to his or her well-being. Secondary appraisal concerns the individual's evaluation of his or her 
ability to handle the event or situation. Thus, stress experienced is dependent on the 
subjective interpretation of whether or not the event poses a threat to the individual (i.e., 
primary appraisal) and whether or not the individuals perceive they have the resources to 
cope with it (i.e., secondary appraisal). 
Specific patterns of primary and secondary appraisal lead to different kinds of stress. Three 
types are distinguished: harm, threat, and challenge(Lazarus and Folkman, 1984). Harm 
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refers to the (psychological) damage or loss that has aheady happened. Threat is the 
anticipation of harm that may be imminent. Challenge results from demands that a person 
feels confident about mastering. 
After the acute event has been appraised by the individual, meaning and emotions are 
generated. Then a behaviour called copmg ensues. Most approaches in coping research 
follow Folkman and Lazarus (Lazarus and Folkman, 1984) who define coping as 'the 
cognitive and behavioural efforts made to master, tolerate, or reduce external and internal 
demands and conflicts among them.' Coping includes attempts to reduce the perceived 
discrepancy between situational demands and personal resources (Lazarus, 1993 a). 
Two types of coping have been identified. Problem-focused coping, which is actively or 
behaviourally altering the external person-environment relationship, or emotion-focused 
coping, which is altering the personal or internal meaning or relationships (Lazarus, 1999). 
Problem-focused coping allows the individual to focus attention on situation-specific goals 
and allows for a sense of mastery and control in working toward attaining that specific goal. 
Alternatively, emotion-focused coping involves positive reappraisal which involves 
cognitively reframing typically difficult thoughts in a positive manner (Lazarus, 1999). 
Despite being a well-accepted model, several criticisms have been levied against the 
transactionist school of thought. First, this approach does not define demand or coping 
capacity separately ie the two sides of the model. It states that demand is that which is offset 
by coping capacity. However, coping capacity is that which offsets threat or demand. Clearly, 
this reasoning is circular and makes a definitive point for measurement of perception 
extremely difficult. Furthermore, although Lazarus and Folkman emphasized the interaction 
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of the individual and their environment, it could be that what they termed the environment is 
really the individual's appraisal thereof. This highlights a further circularity to their argument. 
2.3.3 Resource Theories of Stress: A Bridge between Systemic and Cognitive 
Viewpoints 
The resource theory is an attempt to bridge the cognitive and environmental viewpoints to 
stress (Hobfoll, 1989). Unlike approaches discussed so far, resource theories of stress are not 
concerned with factors that create stress, but with resources that preserve well being in the 
face of stressful encounters. The recent conservation of resources (COR) theory (Hobfoll, 
1989) assumes that stress occurs in any of three situations: when people experience loss of 
resources, when resources are threatened, or when people invest their resources without 
subsequent gain. According to Hobfoll (1989), resources are key to understanding stress. 
Resources are defined as those objects, personal characteristics or conditions that are valued by the 
individual. Various social and personal dimensions have been proposed to this end, such as 
social support, sense of coherence hardiness, self-efficacy or optimism. The model of 
conservation of resources goes beyond previous models in that it inherently states what 
individuals do when confronted with stress ie they strive to minimize net loss of resources. 
When not currently confronted with stressors, people strive to develop resource surpluses in order to 
offset the possibility of future loss. Evidence for this comes from studies which have shown that when 
people develop resource surpluses, they are likely to experience positive well-being (eustress), 
whereas when they are unable to gain resources, they are likely to experience distress (Cohen et al., 
1985y 
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2.3.4 The Yerkes-Dodson Law 
One of the few themes that seems to span virtually all the research areas is the idea that 
performance is best when the subject is in some optimal stress or arousal state, above or 
below which efficiency of performance decreases (figure 2.1) This idea has become known 
as the Yerkes-Dodson law (Yerkes and Dodson, 1908). The curves are often obtained 
empirically by plotting, for example, noise level, or hormone dose along the horizontal axis, 
and some aspect of task performance, for example the frequency of correct responses, along 
the vertical axis. The law states that the optimal stress or arousal state decreases with 
increasing task difficulty. 
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Figure 2.1 The Yerkes-Dodson Curve 
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There has been research indicating that the correlation suggested by Yerkes and Dodson 
exists (Broadhurst, 1959, Anderson, 1988). However, others suggest that it is an over-
simplistic summary, and that interactions between stressors and performance are much more 
complicated than the simple inverted U curve implies, depending for example on the 
relevance of the stressor to the task and the precise measure of task performance 
(Christianson, 1992). Within surgery, however, the relationship of stress to performance 
needs to be adequately quantified before any such curve can be delineated. 
2.4 Stress in surgery 
'The whole persona of a surgeon is somebody who can make quick decisions and cope with anything. 
Except when things go wrong... then that same persona can't think straight, makes mistakes and loses 
all judgement - everything descends into chaos and patient care is seriously compromised - because 
he just crumbles under stress' (Consultant Surgeon, participant of interview study) 
Quality and safety are crucial elements of surgical practice, and many authors have 
emphasised a systems view (Vincent et al., 2004) which recognise technical skill, 
communication (Kneebone, 2006), teamwork (Yule et al., 2006a, Undre et al.) and decision 
making (Sevdalis et al., 2006) as crucial determinants of patient outcome. However all of 
these factors can be compromised by stress. In this Thesis, I posit that the stress experienced 
by the surgeon during an operation is a key component of surgical performance, and that the 
management of operative stress is an under-researched yet potentially vital facet of a 
surgeon's competence affecting patient safety. 
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Currently, surgical training is focused around learning to perform a procedure under routine 
circumstances. Consequently little systematic training is available for surgical trainees for 
when things go wrong. Understanding the theoretical research concerning human stress 
responses, appraisal, and coping is crucial in order to apply knowledge in practice when 
understanding the effects of stress in the surgical environment and how best to mitigate it. 
The physiological response to stress, as stated by Selye (Selye, 1973), is something every 
clinician has experienced - sweaty palms, racing heart rate etc. However it is also very clear 
that some clinicians cope better than others. Whether this is due to the fact that their 
perceived resources remain within external demand, or is a function of their appraisal or 
coping strategies has yet to be determined. 
Existing evidence shows that high levels of stress have a deleterious impact on human 
performance across a range of task complexities (Hassan et al., 2006a). This is in keeping 
with the Yerkes-Dodson Law (Yerkes and Dodson, 1908). A replication of these effects in 
the surgical environment could be devastating. Common stressors in surgery include 
technical problems (Arora et al., 2008b), time pressure (Wetzel et al., 2006b), distractions, 
interruptions (Sevdalis et al., 2008b, Sevdalis et al., 2007) and increased workload (Campbell 
et al., 2001). Although it is acknowledged that advanced laparoscopic surgery and robotic 
surgery is often more lengthy and challenging than open surgery (Berguer et al., 2001, Smith 
et al., 2000b), the stress experienced by surgeons undertaking these new approaches has not 
been evaluated. Studies have begun to address the increased physical demands of 
laparoscopic surgery (Berguer et al., 1999, Smith et al., 2005) but little is known about the 
mental stress resulting from it. Furthermore, there is little acknowledgement of the effects of 
such stress on surgical performance, or of impact on clinical outcome despite its potential to 
compromise both performance and patient safety. 
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Surgeons in training are thus left to devise their own coping strategies, leaving much room 
for variability and possible error. Matters are made worse by reluctance within the surgical 
culture to acknowledge the existence of stress or discuss it openly. Increased transparency 
offers major benefits, and that techniques for recognising and managing stress should form 
part of the surgical curriculum. Other high performance, safety critical industries such as 
aviation and the military recognise the negative effects of stress and have established training 
programmes to mitigate its impact (Holzman et al , 1995a, Gaba et al., 1998, Driskell JE, 
1991). Theoretical knowledge may explain how a training intervention could work. 
Possibilities include reducing external demand (primary stress management) or improving 
the perceived ability to cope i.e. personal resources (secondary stress management). 
However, there is little of either approach within surgical training at present. In the 
healthcare domain, Anaesthesia has pioneered crisis training (Gaba et al., 1988, Holzman et 
al., 1995b) to aid with stress management. Within surgery, previous qualitative work carried 
out by our group delineates key stressors and coping strategies as well as describing the 
deleterious impact of stress on technical performance, teamwork and decision making 
(Wetzel et al., 2006b). It is vital that the effects of stress are recognised so as to reduce the 
possibility of increased error (Hehnreich, 2000) and poor surgical outcome. 
Before any stress management/crisis training programme can be established in surgical 
training, the benefits must be made apparent to those receiving it. Sachdeva (Sachdeva et al., 
2007) points out that 'both intrinsic and extrinsic drivers are important in motivating 
surgeons to participate in educational programmes.' Highlighting the impact of stress on 
surgical performance and its subsequent effect on patient safety would provide a clear 
intrinsic reason for surgeons to engage in a training programme. Extrinsic drivers relate to the 
lack of time available to train and shortened training programmes, which are reducing 
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opportunities for experiential learning. In addition, doctors are facing demands for 
increasing accountability, with pressure from the both public and profession alike. 
In order to increase the awareness of stress in surgery, a systematic exploration of the 
literature is required so that any intervention can be based upon the best possible evidence. 
Currently however, the field remains under-researched. The next chapter examines the 
existing literature on stress and surgical performance in a first attempt to draw together 
previous findings in a systematic manner. 
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THE IMPACT OF STRESS ON SURGICAL 
PERFORMANCE: A SYSTEMATIC REVIEW OF THE 
LITERATURE 
3.1 Chapter Overview 
This chapter consists of a systematic review of the literature on the effects of stress on 
surgical performance. A brief introduction to the review is presented followed by the 
description of the search strategy implemented. Results of the review are presented in terms 
of characteristics of studies identified, key stressors, measures of stress, measures of 
performance and the effects of stress on surgical performance. Following this, the discussion 
considers these results in detail, their implications and limitations. Finally the agenda for 
future research is highlighted. 
3.2 Introduction 
Providing safe surgical care is imperative both from a viewpoint of quality of patient care and 
professional regulation. As the OR is the most common source of adverse events in surgery 
(Gawande et al., 2003b, Gawande et al., 1999) recognising the negative effects of stress on 
performance would be the first step in devising a training programme to counteract it. In 
order to do this, systematic research is required to describe the major stressors across 
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different levels of surgical expertise, how these stressors can be measured and most 
importantly, what the effect is on performance. 
To date there has been no formal review of the impact of intra-operative stress on surgical 
performance. 
3.3 Aims 
The aim of this chapter is to systematically review the evidence on stress as it applies to 
operative surgery and surgical performance. As this field lies at the intersection of surgery, 
psychology and human factors research, I will draw upon literature from all these domains. 
The focus will be empirical data rather than opinion pieces or commentaries. I will consider 
the following questions: 
I. What key stressors affect surgeons in the operative environment? 
II. What methods are used for measuring stress and performance? 
III. How does stress affect surgical performance (technical and non technical)? 
3.4 Methods 
3.4.1 Search Strategy 
Databases searched included Medline (1965 - January 2008), Psychinfo (1967 - January 
2008) and Embase (1980 - January 2008). In addition I searched the Central Cochrane 
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Register of Clinical Trials (issue 4, 2005) for trials indexed in 2004 and reference lists of 
retrieved relevant articles for additional papers. All retrieved citations were reviewed by me 
so as to screen the titles and abstracts to identify the relevant studies. The last search was 
carried out on April 15 2008 
The search strategy in Medline, Psychinfo and Embase was based on the following search 
terms (Medical Subject Heading terms and text words) with the appropriate combinations: 
Category A = 'Stress' (MeSH) OR 'stress training' OR 'stress management' OR 'stress 
intervention' OR 'crisis management' OR 'crisis training' 
AND 
Category B = 'Surgeon$' (MeSH) OR 'surgical skill$' OR surgical performance' OR 
'Surgical Training' OR 'Surgical competence' OR 'Surgical education' 
After combining category A and category B, I then imposed limits, restricting studies to 
those carried out on human subjects and reported in English language. An initial screen 
revealed many relating to stress incontinence and stress fractures, neither of which is in the 
aim of this review. Subsequently we used the following terms to limit our studies ftirther; 
NOT patient, NOT incontinence, NOT fracture, NOT bone, NOT fixation , NOT 
replacement. 
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3.4.2 Eligibility Criteria/ Inclusion Criteria/Study Selection 
Reports were only included if they met the following inclusion criteria: 
I. Acute stress in surgeons. Although I recognise that surgeons work within teams, I 
confined this review to acute stress affecting the operating surgeon. Furthermore, I 
excluded the large literature describing effects of stress on other professions such as 
military, aviation and anaesthesia. I also excluded the wider long term aspects of 
stress, including health risks to the surgeon (increased cardiovascular disease (Ametz 
et al., 1988), and burnout (Campbell et al., 2001), stresses of the surgical residency in 
relation to alcohol and drug misuse (Bunch et al., 1992), effects on family life and 
interpersonal relationships (Kahn et al., 2006), and job satisfaction. 
II. The effects of stress on performance. I confined this review to papers reporting 
empirical data relating to the impact of stress on surgical performance, excluding 
opinion pieces and commentaries. 
III. Reports relating to mental stress. I excluded the literature relating to sources of 
physical stress (such as ergonomic effects of monitor height during laparoscopic 
surgery causing muscle fatigue and physical stress), focusing instead on cognitive 
aspects. 
One of my supervisors (NS) and I independently identified and screened the search findings 
for potentially eligible abstracts, and full articles were obtained for detailed evaluation. Any 
disagreements during the selection process were resolved by discussion with the second 
supervisor (RK). 
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3.4.3 Data Extraction 
The review process used a data collection form that was iterated among the research team. 
Before staring data extraction, one of my supervisors (NS) and I independently evaluated 10 
papers to ensure reliability. Following this, we met to review findings and resolve any 
disagreements by consensus. I subsequently carried out the data extraction for all retrieved 
papers independently. For quality assurance purposes, the second supervisor (RK) reviewed a 
random sample of 10 articles. The data extraction form is available upon request. 
I recorded how stress was measured (e.g. self report, physiological). I also noted if there were 
any effects on performance (technical and non technical) and how these effects were 
assessed. I recorded the setting of the study and whether specific methods were used to 
standardise the procedure before study began (e.g. allowing surgeons to establish a baseline 
on a simulator). Finally, I summarised the implications and limitations of each paper (as 
highlighted by the authors), together with a critical evaluation from our own perspective. 
3.5 Results 
3.5.1 Articles Selected 
The electronic search yielded 3547 citations, of which 2887 reports were excluded after 
limits were applied. During the process of study selection, 616 out of the remaining 660 
abstracts did not fit the inclusion criteria and were excluded. Of the remaining 44 reports, 13 
were removed due to duplicate publication across different databases. Three reports could not 
be located (Schueneman et al., 1984, Schueneman et al., 1985, Goldman et al., 1972). The 
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full text of the remaining 28 reports was evaluated in detail, and a further 6 reports were 
eliminated as not meeting our inclusion criteria. This left a total of 22 reports included in 
final analysis. The flow of articles through the study is summarised in Figure 3.1. 
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Search strategy 
Total = 3547; 
Limits applied 
Abstract selection 
Duplicates removed 
c> 
Reports retrieved for 
abstract evaluation 
Total = 660 
c> 
Reports retrieved for 
more detailed 
evaluation 
Total = 44 
o 
Reports excluded 
after limits applied 
Total = 2887 
Reports excluded on 
basis of abstract 
n = 616 
not acute stress in 
surgeons = 559 
not effect on 
performance = 47 
not mental stress=10 
13 Duplicates 
removed) & unable 
to locate 3 articles 
Full text selection 
Reports selected 
Total - 28 
Reports assessed 
Total = 22 
6 Reports excluded 
on the basis of full 
text 
(Not acute stress in 
surgeons = 5 
Not effects on 
performance = 1) 
Figure 3.1 Flow of articles in study 
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3.5.2 Characteristics of the Included Articles 
3.5.2.1 Surgical specialty 
Reported studies were carried out in general surgery (n=12), ophthalmic surgery (n=2), 
cardiothoracic surgery (n=l) and plastic surgery (n=l). Five articles did not specify what 
speciality of surgeon were involved (Becker et al., 1983, Hassan et al., 2006a, Jezova et al., 
1992b, Lee et al., 2005b, Sexton et al., 2000), making comparisons across specialties 
difficult. Six studies compared surgeons with other professionals to include musicians 
(Jezova et al., 1992b), nurses (Kikuchi et al., 1995)-(Yamamoto et al., 1999), 
anaesthetists(Payne et al., 1986b, Undre et al., 2007a), ODPs (Undre et al., 2007a) and 
cockpit crew members (Sexton et al., 2000). 
3.5.2.2 Methodology 
The majority (n=15) were prospective experimental studies by design (n=15). Four studies 
(Undre et al., 2007a, Payne et al., 1986a, Czyzewska et al., 1983, Hassan et al,, 2006a) were 
prospective observational studies, one study involved a cross sectional survey (Sexton et al., 
2000) and two were qualitative interview studies (Arora et al., 2009b, Wetzel et al., 2006b). 
3.5.2.3 Settings 
Eight studies were conducted in the real OR (Becker et al., 1983, Bohm et al., 2001, 
Czyzewska et al., 1983, Demirtas et al., 2004, Jezova et al., 1992b, Kikuchi et al., 1995, 
Payne and Rick, 1986a, Yamamoto et al., 1999), 2 in a simulated OR (Moorthy et al., 2006b, 
Undre et al., 2007a), 8 involved a laparoscopic task on a bench top model (Berguer et al., 
2001, Berguer et al., 2006, Hassan et al., 2006a, Lee et al., 2005b, Moorthy et al., 2003a, 
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Smith et al., 2003a, Smith et al., 2000a, Schuetz et al., 2007) and 4 were conducted outside 
an operative context(Sexton et al., 2000, Arora et al., 2009b, Tendulkar et al., 2005, Wetzel 
et al., 2006b) 
3.5.2.4 Study aims 
Twelve studies (Berguer et al., 2001, Demirtas et al., 2004, Hassan et al., 2006a, Jezova et 
al., 1992b, Kikuchi et al., 1995, Lee et al., 2005b, Payne and Rick, 1986a, Sexton et al., 
2000, Smith et al., 2000a, Smith et al., 2003a, Tendulkar et al., Wetzel et al., 2006a, 
Yamamoto et al., 1999, Schuetz et al., 2007) used the term stress as their main focus. 
Alternative terminologies included mental strain (Becker et al., 1983, Bohm et al., 2001), 
mental workload (Berguer and Smith, 2006, Smith et al., 2000a, Smith et al., 2003a), 
emotional state (Czyzewska et al., 1983) or surgical crisis (Moorthy et al., 2006b, Undre et 
al., 2007a). All these studies were still included in our analysis despite not mentioning the 
term stress directly as they were identified using our search strategy. 
Fourteen of the studies (Becker et al., 1983, Berguer et al., 2001, Berguer and Smith, 2006, 
Bohm et al., 2001, Czyzewska et al., 1983, Demirtas et al., 2004, Jezova et al., 1992b, 
Kikuchi et al., 1995, Lee et al., 2005b, Payne and Rick, 1986a, Smith et al., 2000a, Smith et 
al., 2003a, Tendulkar et al., Yamamoto et al., 1999) examined the effect of a variable (eg 
laparoscopic vs. open surgery) upon stress/mental strain/workload as their primary aim. 
Three studies (Hassan et al., 2006a) (Moorthy et al., 2003a, Schuetz et al., 2007) took a 
different viewpoint, examining stress coping strategies(Hassan et al., 2006a), individual 
stress responses (Schuetz et al., 2007) or the impact of stress inducing conditions on 
performance (Moorthy et al., 2003a). Three other studies investigated attitudes to stress 
(Sexton et al., 2000) and surgeons views on stressors, effects on performance and coping 
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strategies(Arora et al., 2009b, Wetzel et al., 2006b) whereas two studies focussed upon 
developing simulations as their primary goal (Moorthy et al., 2006b, Undre et al., 2007a). 
Such heterogeneity in aims made comparison of included studies difficult. 
Table 3.1 summarises the characteristics of the included articles, the key stressors and the 
methods used to measure them, as well as measures of performance and limitations. 
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Table 3.1 Characteristics of studies, stressors, measures of stress and performance 
Limitations 
Authors Subjects and Methodology Aim Stressor Measure of stress Measure of Italics = authors 
Specialty and setting performance Not in italics = our 
critical appraisal 
(Arora et 15 surgeons Qualitative 1 .To identify key 1. Technical 1. Self report 1. Self report 1. Reluctance to talk 
al., 2009b) interview study, stressors & factors about stress 
coping strategies 2. Patient factors 2. Insight into own 
Not in OR 2. To determine 3. Team factors performance may be 
surgeons' 4. Time factors lacking 
requirements 5. Distractions 
from training 6. Lack of 
programme experience 
(Becker et 10 surgeons - 5 Prospective 1. To determine if 1. Operating vs. 1 24hr ECG recording to Not measured 1. No direct measure of 
al., 1983) senior, 5 junior experimental there is a rise in ward work vs. give mean and max HR stress experienced by 
study, HR during leisure vs. sleep 2. Mean oxygen the surgeon or of 
operating and if it 2. Role of consumption performance 
real OR is due to surgeon: Primary 2. No p values reported 
increased mental or assistant although 'significant 
strain difference' quoted 
3. Used HR as a 
measure which may rise 
due to other factors 
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(Berguer 28 General Prospective 1. To determine if 1. Laparoscopic 1. Skin Conductance 1. Laparoscopic Task 1. SCL finding not 
and Smith, surgeons experimental laparoscopic vs. robotic Level (SOL) time statistically significant 
2006) attending study. surgery is more surgery 2. Ergonomics 2. Task-error 2. Laparoscopic tasl< 
conference stressful than workstation used to 3. Physical measures not realistic of real 
laparoscopic task open record measures of (EMG signal from arm surgical procedure 
physical stress (ElVlG) muscles) 3. Small sample size 
4. Ergonomics 
workstation not widely 
available 
{Berguer 10 General Prospective 1. To compare 1 .Laparoscopic 1. SCL 1. No of knots tied on 1. Ergonomics 
et al., surgeons experimental mental and (Video- 2. Electro-oculogram laparoscopic task on workstation not widely 
2001) attending study. physical endoscopic) vs. 3. Self report: bench station available 
conference workload in open surgery concentration 
laparoscopic task laparoscopic vs. 2. Experience of 4. Self report: mental 
robotic surgery surgeon stress 
(Bolim et 2 General Prospective 1. To determine 1. Laparoscopic 1. Heart Rate Variability 1. Mean operative time 1. HRV could be due to 
al., 2001) Surgeons, experimental whether mental surgery vs. open (HRV) physical part of 
experienced and study, strain differs surgery operation 
inexperienced during 2. Experience of 2. Small sample size 
real OR laparoscopic and surgeon 3. No upper critical limit 
open surgery 3. Role of for mental strain 
surgeon; primary 4. No correlation 
or assistant between stress and 
operative time 
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(Czyzews 7 General Prospective 1. To evaluate 1. Surgical 1. EGG recordings to Not measured 1. No measure of 
ka et al., surgeons observational cardiac Procedure/ give indices of cardiac performance 
1983) Study arrhythmia, to different stages arrhythmia - Co-efficient 
determine which of operation: of HRV, variance of R-R 
real OR indices reflects skin incision vs. intervals(S2), variability 
changes in actual operating range of R-R intervals 
arrhythmia during vs. closing vs. (VR) 
Decision making. post-op (control) 2. modal value of R-R 
2. To evaluate intervals to measure 
emotional state tonus of ANS 
(Demirtas 12 plastic Prospective 1. To elucidate 1. Operating vs. 1. HRV (LF, HP, HF/LF Not measured 1. Most procedures 
et al., surgeons ( 5 experimental mental burden of office days ratio & HR) were rhinoplasties - not 
2004) staff, 7 resident) study. surgeons and if it (control) very stressful in 
leads to 2. Role of themselves 
real OR cardiovascular surgeon; primary 2. Control was office 
changes vs. assistant days i.e. outpatients -
2. To determine this can be stressful In 
impact of primary itself 
operator vs 3. No correlation of 
assistant on stress and surgical 
stress level performance 
(Hassan 12 final yr Prospective 1. To explore 1. Difficulty of 1. SVF78 stress coping 1. Time to complete 1. Coping with stress 
et al., medical students observational impact of laparoscopic task questionnaire to assess laparoscopic task. only through self -report 
2006a) & 12 study. habitual stress 2. Distractions: negative stress coping 2 No of errors (sum of - no objective measure 
inexperienced coping strategies 'dull witted strategies tissue damage and 2. Study on 
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residents laparoscopic task on laparoscopic comments from drop failure) laparoscopic task not 
performance investigators' 3. Economy of motion ( real procedure 
path length and 3. Only study to 
angular path) for each correlate performance 
task with coping 
(Jezova et 11 research Prospective 1. To evaluate 1. Operating vs. 1. Surgeons' Salivary Not measured 1. Did not record the 
al.. 1992a) vvorkers, 18 experimental the stress non work day Cortisol time sample taken for 
surgeons, 15 study. response in 2. Difficulty of 2. Musicians' salivary each subject - may vary 
musicians surgeons and procedure Cortisol 2. Did not compare 
real OR musicians using Cortisol to stress 
salivary Cortisol subjectively 
(SC) experienced 
3. Did not explain what 
surgeons did on non 
work days (maybe 
stressful) 
(Kikuchi et 5 Ophthalmic Prospective 1. To measure 1. Surgical 1. Heart Rate measured Not measured 1, Very small sample 
al., 1995) surgeons of experimental stress levels in procedure - day before surgery, pre- size so difficult to 
varying study surgeons and different stages op, pre incision, at generalise 
experience & 7 assistants of operation various stages of 2. Only looked at HR 
nurses real OR procedure. 
2. ECG and BP 
(abandoned) 
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(Lee et al., 13 subjects - 4 Prospective To compare 1. Telerobotic vs. 1. Self report 1. Measures of 1. Cannot compare 
2005a) medical students, experimental manual & manual surgery questionnaire to physical stress subjects i.e. surgical 
9 study. telerobotic measure perceived residents have more 
medical/surgical endoscopic stress experience 
residents laparoscopic task surgery in terms 2 No correlation of 
of postural and stress with performance 
mental stress 3. No objective measure 
of mental stress 
(Moorthy 20 General Prospective 1. To develop a 1. Distractions Not measured 1. Laparoscopic task: 1. No idea about 
et al., surgeons divided experimental surgical crisis (mathematical Motion analysis previous laparoscopic 
2003b) into 10 senior study simulation task, OR noise). (ICSAD path length). experience of subjects 
and 10 junior 2. Evaluate its 2. Time pressure. 2. Error score 2 lab setting so difficult 
Simulated OR feasibilityS 3. All 3 stressors (dropped/inaccurate to replicate the 
validity combined. placement of objects) operative environment 
3. No measure of stress 
(Moorthy 13 General Prospective 1. To evaluate 1. Bleeding Not measured 1. Time measure ; 1. No details on 
et al., surgeons with experimental the effect of Time to diagnose immediate feedback 
2006b) varied level of study, adverse bleeding (TD), to offered 
experience conditions on inform team members 2. No construct validity 
laparoscopic task performance (TT), call for help (TH), for NOTEGHS score 
achieve control (TO), 3. No measure of stress 
close laceration (TL) 
2. Blood loss. 
3. Global rating scale 
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for assessment of 
technical skills 
4. Observer notes 
5. Human Factors 
rating scale 
6. Communication and 
utterance frequency 
(Payne 8 cardio thoracic Prospective 1. To determine if 1. Operating 1. ECG used to measure 1. HR rise may be due 
and Rick, surgeons, 8 observational HR responds to HR to factors other than 
1986a) anaesthetists Study stress stress 
2. To compare 
real OR mean HR from 
two occupations 
(Schuetz 18 General Prospective 1. To investigate 1. Distractions 1. Skin resistance with 1. Economy of motion 1. Do not describe 
et al., Surgeons at a experimental whether (mathematical Sympathicograph in laparoscopic task difference between the 
2007) conference study. individual stress task) (path length) and groups in terms of 
responses are 2. Bleeding degree of deviation baseline technical ability 
laparoscopic task associated with 3. Time pressure from normal pathway 2. Small sample of 
altered manual 4. Increased (angular path) group 
skills and volume of pulse 2. Intra -operative 3. No self report of 
technical errors oximitery & HR failures/ no of errors = stress 
5. Social stress : blood loss. Missing 
external visitor clips. Vessels ripped 
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(Sexto n et 1033 doctors, 30 cross sectional 1. To survey OR, 1. Attitude to 1. Cockpit management 1 Sma// number of 
al., 2000) 000 cockpit crew survey, ICU staff and stress attitudes questionnaire hospitals. 
members airline crew 2. Operating Room 2. Non responder bias 
not in OR regarding management attitudes 3. Limited by reliance 
attitudes questionnaire on self report 
concerning error. 
stress & 
teamwork 
(Smith et 10 General Prospective 1. To compare 1. Robotic vs. 1. EMG for physical 1. Laparoscopic Task 1. Small sample at a 
al., 2003b) surgeons experimental performance and manual stress time conference 
attending a study. workload Laparoscopic 2. SCL for mental stress 2. Accuracy error (pin 2. Experience level of 
conference (physical & surgery 3.self report of difficulty in correct circle) participants unknown 
laparoscopic task mental) for 4. Self report of level of 3. Control error ( pin 3. No ECG/HR 
manual vs discomfort falls down) recording 
robotic surgery. 4. Poor performance in 
using robotic may be 
ergonomics attributable to lack of 
experience 
(Smitti et 28 General Prospective 1. To compare 1. Laparoscopic 1. SCL 1. No of knots tied for 1. Eye blink rate cannot 
al., 2000b) surgeons experimental surgeons' mental vs. open surgery 2. EOG laparoscopic task be used alone to 
attending a study workload during 3. Self report of level of Indicate stress 
conference simulated open mental concentration 2. Sample from a 
laparoscopic task and laparoscopic 4. Self report of level of conference 
surgery mental stress 3. No correlation 
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(Tendulkar 28 General Prospective 1. To monitor HR 1. Surgical 'on 1. HR recorded by 24 hr 1. HR can be affected 
et al., surgical experimental & WBC as a call' EGG by pre existing 
2005) residents, 10 study. measure of 2. WBC conditions- did not 
interns, 9 junior, stress on call. checl< 
9 senior not in OR 2. to relate 2. Did not describe what 
residents Maximum HR & subjects did on call 
WBC on call to 3. Did not describe if 
surgical resident increased HR affected 
training level performance 
(Undre et 80 people in 20 Prospective 1. To develop a 1. Bleeding Not measured 1. OSATS - trainee & 1. Smail scale piiot 
al., 2007a) surgical observational team training 2. Equipment trainer rating study 
teams(General study crisis problems 2. NOTECHS modified 2. Did not measure 
surgeon, management to produce Human stress 
anaesthetist, Simulated OR module in a SOT factors rating scales 
nurse, OOP) and evaluate its 
feasibility and 
value 
2. to explore 
differences in 
non technical 
skills across 
professions and 
between trainee 
& trainer ratings 
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(Wetzel et 16 surgeons qualitative 1. To explore key 1. Complications 1. Self report 1. Self report 1. All from one hospital 
al., 2006b) interview study, surgical eg bleeding 2. Interview study -
stressors, their 2. Advanced surgeons reluctant to 
not in OR impact on tasks(time talk about stress 
performance. pressure) 3. Reliance on self 
and coping 3. Equipment report 
strategies used problems, 
by surgeons 4. Distractions 
5. Personal 
factors 
(Yamamot 12 ophthalmic Prospective 1. To determine 1. Difficulty of 1. HR recorded by Not measured 1. Small sample size 
0 et al.. surgeons - 5 experimental the intra procedure wireless ECG 2. No controls 
1999) inexperienced, 5 study, operative stress 2. Experience of 2. Urine adrenaline 3. Performance not 
intermediate, 2 on surgeons & surgeon levels measured 
experienced and real OR assistants during 3. Live broadcast 4. Different procedure 
3 nurses cataract surgery for junior and senior 
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3.5.3 Stressors 
Potential stressors revealed by the studies include operating (vs. ward work (Becker et 
al., 1983), office work (Demirtas et al., 2004), not being at work (Jezova et al., 
1992b)) and different parts of operative procedure itself (Kikuchi et al., 1995) 
(Czyzewska et al., 1983). The role of the surgeon (i.e. as the primary operator or as an 
assistant) was a potential stressor in three studies (Becker et al., 1983, Bohm et al., 
2001, Demirtas et al., 2004) with level of experience being investigated as a potential 
cause of stress in eight studies (Bohm et al., 2001) (Yamamoto et al., 1999, Berguer et 
al., 2001, Berguer and Smith, 2006, Jezova et al., 1992a, Kikuchi et al., 1995, 
Moorthy et al., 2006a, Tendulkar et al., 2005). Laparoscopic surgery was a common 
potential stressor, compared with robotic surgery (Berguer and Smith, 2006, Smith et 
al., 2003a, Smith et al., 2000a, Lee et al., 2005b) and open surgery (Berguer et al., 
2001, Bohm et al., 2001, Smith et al., 2000a). Other technical stressors include 
complexity of a procedure (Hassan et al., 2006a) (Jezova et al., 1992b) (Yamamoto et 
al., 1999), bleeding (Moorthy et al., 2006a, Undre et al., Wetzel et al., 2006a, Schuetz 
et al., 2007) and equipment problems(Wetzel et al., 2006b, Undre et al., 2007a). Non 
technical sources of stress include distractions (eg noise and chatter)(Hassan et al., 
2006a),(Moorthy et al., 2003a, Schuetz et al., 2007), time pressure(Moorthy et al., 
2003a) (Wetzel et al., 2006a) (Schuetz et al., 2007), being on call (Tendulkar et al., 
2005), external visitors in OR (Schuetz et al., 2007) and having the surgery being 
broadcast live (Yamamoto et al., 1999). 
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3.5.4 Measures of Stress 
There is no single best test for directly measuring stress. Consequently, the only way 
to make an approximation of the level of stress is by measuring its effects, either as 
perceived by subjects themselves (subjective measures), or upon their physiological 
state (objective measures). A wide variability in the methods used to measure stress 
across the studies reviewed has however, rendered making comparisons difficult. 
3.5.4.1 Objective measures of stress 
The normal physiological response to stress ('fight or flight') results in an endogenous 
catecholamine release leading to increased cardiac activity. This can be determined by 
measuring the heart rate (HR). Six studies(Becker et al., 1983, Czyzewska et al., 
1983, Kikuchi et al., 1995, Payne and Rick, 1986a, Tendulkar et al., Yamamoto et al., 
1999) used HR as a proxy measure for stress, finding the mean HR to be elevated for 
surgeons during an operation(Becker et al., 1983, Payne and Rick, 1986a) but also 
that experience moderated the effect of stress, with seniors exhibiting less change in 
HR compared to juniors(Kikuchi et al., 1995). 
3.5.4.1.1 Heart Rate Variability 
HRV is the oscillation in the interval between consecutive heart beats and between 
consecutive instantaneous heart rates(1996, Demirtas et al., 2004, Bohm et al., 2001). 
It is an indicator of the sympathovagal balance during surgery(Bootsma et al., 1994) 
i.e. an index of autonomic function. As mental stress has been linked to increased 
sympathetic and parasympathetic activity(Pagani et al., 1989), changes in mental 
stress which alter autonomic activity can therefore affect heart rate variability. HRV 
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has thus been used as an indirect measure of stress or mental strain by three studies 
(Czyzewska et al., 1983, Bohm et al., 2001, Demirtas et al., 2004). Power Spectral 
analysis of HRV allows assessment of the sympathovagal activities regulating the 
heart rate by quantitatively evaluating beat to beat cardiac control. Spectral 
components include a low frequency component (LF) which rises with increased 
sympathetic activity (Yamamoto et al., 1991) and a high frequency component (HF) 
(Bohm et al., 2001) which rises with increased vagal activity(1996). The ratio of 
LF/HF therefore gives an overall picture of the ANS (Bootsma et al., 1994, 1996). 
The higher the ratio, the greater the stress. Operating was found to affect HRV 
(Demirtas et al., 2004). However, as with HR, the effects of physical activity and 
mental stress on HRV cannot be separated and the measure is subject to individual 
differences. This highlights that it should not be used alone. 
3.5.4.1.2 Skin conductance level and eye blinks 
(SCL) is known to rise with increased stress (Boucsein, 1992) and has been used as an 
objective measure to evaluate the activity of the sympathetic nervous system by five 
studies (Berguer and Smith, 2006, Berguer et al., 2001, Smith et al., 2003a, Smith et 
al., 2000a),(Schuetz et al., 2007). 
The electrooculogram is a further measure of stress. This utilises an ergonomics 
workstation to collect data from which the number of eye blinks can be counted. The 
number of eye blinks increases as stress level rises (Berguer et al., 2001) (Smith et al., 
2000a). 
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3.5.4.1.3 Salivary Cortisol 
Cortisol is an adrenocortical hormone which rises as a result of the neuroendocrine 
response to a stressful situation. Although used widely in the non surgical literature, 
only one study (Jezova et al., 1992a) uses the surgeons' salivary Cortisol as a method 
of measuring stress. Jezova et al (Jezova et al., 1992a) confirmed that Cortisol levels 
were higher during a work day for both junior and senior surgeons compared to a non 
work day, suggesting higher stress levels. 
3.5.4.2 Subjective measures of stress 
This involves the subject's self report of the amount of stress experienced and tends to 
take the form of a questionnaire. No standard questionnaire has been used across the 
studies, making comparison of results difficult. Overall, only six studies(Arora et al., 
2008b, Berguer et al., 2001, Smith et al., 2000a, Lee et al., 2005b, Sexton et al., 2000, 
Wetzel et al., 2006b) asked subjects to self report the amount of mental stress they 
experienced using a questionnaire or interview approach. This is surprising because 
the literature on stress and coping(Lazarus, 1993 a) suggests that the key issue is the 
subjective experience of stress rather than the physiological response, thus making 
self report crucial to identifying stress. Interestingly, although there are validated 
measures of stress (e.g. the state trait anxiety inventory (Marteau et al., 1992, 
Speilberger et al., 1970), these were not incorporated. 
3.5.4.2.1 Combined subjective and objective measures 
Only 3 studies (Berguer et al., 2001, Smith et al., 2000a, Smith et al., 2003a) have 
employed both subjective self-report with objective indices to measure stress. 
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Unfortunately, no correlation was carried out between the two sets of measures in 
any of these studies. This combined approach represents the optimal strategy to 
measure the stress as experienced by the subject and their physiological responses. 
3.5.5 Measures of performance 
As this review examines the effects of stress upon surgical performance, it is 
important to note what outcome measures of performance have been utilised and 
especially if performance has been objectively measured. This can be divided into 
technical and non technical performance. 
3.5.5.1 Measures of technical performance 
Time to complete a specified task was used as a measure of performance in four 
studies (Berguer and Smith, 2006, Hassan et al., 2006a, Moorthy et al., 2006c, Smith 
et al., 2003a). The mean operative time was also used (Bohm et al., 2001, Demirtas et 
al., 2004). Specific laparoscopic measures of performance are number of knots tied 
(Berguer et al., 2001, Smith et al., 2000a), economy of motion(Hassan et al., 2006a, 
Schuetz et al., 2007) and motion analysis using ICSAD(Moorthy et al., 2003b). 
Simulator derived measures are also used to look at error scores as a method of 
evaluating technical performance in five studies. Errors include inaccurate placement 
of object (Moorthy et al., 2003b, Smith et al., 2003a), dropping an object (Smith et al., 
2003a, Hassan et al., 2006a, Moorthy et al., 2003a), blood loss (Moorthy et al., 2006a, 
Schuetz et al., 2007), vessels ripped (Schuetz et al., 2007)and tissue damage(Hassan et 
al., 2006a). Using a laparoscopic simulator obviously has an advantage in being able 
to collect objective outcome measures of performance. However the extent to whether 
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this is representative of technical performance in real OR was not examined in any of 
the studies. 
Overall nine of the included studies did not directly measure technical performance. 
Two of these studies were not conducted in either a real OR or a laparoscopic skills 
lab (Wetzel et al., 2006b, Sexton et al., 2000). They relied upon self report by the 
surgeons of the effect of stress upon technical performance. This is very subjective 
and should be treated with caution. The remaining seven studies (Becker et al., 1983, 
Czyzewska et al., 1983, Jezova et al., 1992a, Kikuchi et al., 1995, Payne and Rick, 
1986a, Tendulkar et al., 2005, Yamamoto et al., 1999) did not measure technical 
performance because their primary aim was to evaluate changes in indices of stress 
i.e. the stress response itself rather than the effect of stress on surgical performance. 
3.5.5.2 Measures of non technical performance 
Only two studies attempted to measure non technical performance using a modified 
human factors rating scale based on NOTECHS (Moorthy et al., 2006a, Undre et al.) 
and communication and utterance frequency (Moorthy et al., 2006a). This is in spite of 
other studies (Wetzel et al., 2006b, Arora et al., 2008b) reporting that stress is most 
likely to negatively affect skills such as team-working, decision making and 
communication in the surgical domain. Measuring these non-technical skills is thus 
imperative to gain a more complete understanding of the effects of stress upon 
performance. 
Table 3.2 summarises the data, showing the effect of potential stressors on the level of 
stress experienced by the surgeon, together with effect on performance. 
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Table 3.2 Impact of Stress on Surgical Performance 
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Study Stressor Measures of stress Measures of performance Author 
conclusions 
Heart Rate 
Variability 
Heart 
rate 
SCL Self report Other Task 
measure 
Task time Errors Economy of 
motion 
(Arora et 
al., 
2009b) 
Self-report 
via interview 
Technical 
ability, 
teamwork and 
decision 
making 
Stress affects 
technical and non 
technical skills. 
Surgeons 
welcome training 
programme. 
(Becker 
et al.. 
1983) 
Operating 
Vs. 
Ward work 
99.4 
80 
02 usage 
0.26-0.411 
min'^ 
Raised intra-op 
HR unlikely to be 
due to mental 
stress. Senior 
surgeons adapted 
to stress 
(Berguer 
and 
Smith, 
2006) 
Robotic 
Vs 
Lap. 
Surgery 
*12 
15 
P=0.05 
*90 sees 
*40secs 
(p=0.0001) 
More 
Less 
(p=0.047) 
Stress lower with 
robotic surgery 
74 
75 
(Berguer 
et al., 
1999) Lap. 
Surgery 
Vs 
Open 
surgery 
5.6(S) 
6.5(J) 
5.4(S) 
&2W) 
(p<0.05) 
*stress scale 
(1-7) 
%S) 
5(J) 
%[S) 
4(J) 
*Eye 
blinks 
8W) 
%S) 
5(J) 
(p<0.05) 
No of Knots 
tied: 
4(S) 
15W) 
15(S) 
15.5(J) 
(p<0.05) 
Laparoscopic 
surgery more 
stressful than 
open 
(Bohm et * 
al., 2001) Lap. LF/HF 93(S) 135mln (S) Laparoscopic 
surgery 7.5(S) 87W) 210min (J) surgery causes 
10.5(J) more mental 
94(P) strain than open 
Vs. 84(A) 
Inexperienced 
surgeons and 
Open LF/HF 97(S) 85mln (S) primary surgeons 
surgery 7.0(8) 90(J) 105mln (J) experience more 
8.0(J) mental strain 
P<0.05 P<0.05 
(Czyzews 
ka et al., 
1983) 
Operating 
Vs 
Not 
operating 
CHRV 
6.3sec 
CHRV 
B.Ssec 
Increased mental 
load during 
operating 
75 
76 
1 (Demirtas 
etal., 
2004) 
Operating 
Vs 
Office day 
LF/HF 
9.76(P) 
7.62(A) 
LF/HF 
5.98(P) 
5.61(A 
p<0.001 
90 (P) 
85(A) 
80 (P) 
87(A) 
Operative stress 
associated with 
change in HRV 
HRV and 
sympathetic 
activity greater on 
operating days 
and for primary 
surgeons 
(Hassan Difficulty Negative Correlation Correlate Correlation Ineffective stress 
et al., Lap task stress with NSC with NSC with NSC coping strategies 
2006a) coping (rs=0.46, (rs=0.58, (rs=0.54, and distractions 
strategies p=0.042) and p=0.014) p= 0.006) correlate with 
(NSC) Distraction and and poorer 
assessed by (rs=0.60 Distraction Distraction laparoscopic 
self- report p=0.002) (rs=0.58, (rs=0.54, p = performance 
p=0.014) 0.006) 
(Jezova 
et al., 
1992a) 
Operating 
7am 
Incision (1) 
15m post 1 
45m post 1 
*Salivary 
Cortisol 
(ng ml ' ' " 
5.5(S)6(J) 
4(S)4.5(J) 
5 ( 8 ) 5 ^ 0 
4(8)4.5 (J) 
Cortisol levels 
higher on working 
day indicating 
higher stress. 
Cortisol levels in 
seniors higher for 
difficult operation 
76 
77 
Vs. 
Non-work 
7am 
9.15am 
9.45am 
10am 
3.5(S) 3(J) 
3(8)3^0 
2.5(S)2.5J 
2(S) 2(J) 
p <0.05 
No difference in 
Cortisol between 
juniors & seniors 
in easy operation 
suggesting 
experience not a 
factor. 
(Kikuclii 
et ai., 
1995) 
Operating 
stage 
Rest 
Pre 
incision 
Incision 
Intra-op 
closure 
53(S) 
72(J) 
70(S). 
115(J 
62(S) 
100(J 
68(S) 
110(J 
60(S) 
80(J) 
ECG and 
BP 
No 
changes 
despite 
altered HR 
so not 
used 
HR increases at 
start of surgery, 
HR is higherS 
changes more for 
inexperienced = 
higher stress, 
Experienced 
surgeon has no 
change in HR 
between 1®' & last 
case of the day 
77 
78 
(Lee et 
al., 
2005a) 
Tele-
robotic 
surgery 
Vs 
Lap 
surgery 
scale of 1-10 
4.2 
5.0 
P<0.40 
300secs(task 1 
300secs(task2) 
90secs(task3) 
150secs (taski 
150secs(task 2 
50 secs(task 3 
All Ps < 0.007 
No significant 
difference in 
mental stress 
between 
laparoscopic & 
telerobotic 
surgery 
(Moorthy Distraction *path Time pressure, 
et al., length(cm) OR noise and 
2003a) R hand mathematical 
Nil 1 L hand tasks lead to 
Maths 3 0.25 0.23 poorer 
task(M) 1 0.3 0.35 performance (and 
Noise(N) 3 0.28 0.3 greater no. of 
Time(T) 0.4 0.35 errors 
M+N+T 4 0.3 0.35 
(Moorthy 
et al., 
2006a) 
Bleeding Blood 
loss(mls) 
300(S). 600(J) 
Nontechnical 
scores in %; 
*Time to:(secs) 
1.Diagnose 
bleeding 
100(S),180(J) 
Seniors have 
better technical 
skills, but not 
better human 
factors skills when 
encountered with 
stressor of 
bleeding 
78 
79 
Utterance freq 
4.8(S),3.1(J) 
Communicate 
60.4(S), 
60.4(J) 
Vigilance 
80 (S), 55(J) 
Team Skills 
62.5(S), 
64.5(J) 
Leadership 
82.3(S), 
72.9(J) 
Decision 
making 
6 6 . 6 ( 8 ) , 
62.5(J) 
2.inform team 
190(S),280(J) 
S.Achieve 
Control 
220(S), 900(J) 
4.Close 
Laceration 
650(S), 900(J) 
(Payne 
and Rick, 
1986a) 
Operating 
(surgeons) 
Vs. 
Not 
operating 
(anaesthet 
-ists) 
100.5 
78 3 
Surgeons have 
higher HR than 
anaesthetists 
when operating 
79 
80 
(Schuefz Distraction Three Blood loss Missing Cumulative 
et al., groups (mis) clips; path-
2007) (maths length(m) Mental load may 
task, SSR1 22.9(SSR1) 0.5(SSR1) 14.4(SSR1), be optimized by 
bleeding, (stress 26.5(SSR2) 3(SSR2) 8.6 (SSR2) continuous activity 
Time without 54.2(SSR3) 1(SSR3) 10.9 (SSR3) of SNS 
pressure. recover) 
patient 
problem. SSR2 
Social (stress Vessels Cumulative Unclear as to 
stress) but ripped degree of what extent of 
recover) 0 (SSR1) deviation stress produces 
1 (SSR2) from path adverse effects 
SSR3 1(SSR3) 2,780(SSR1) 
(no 1,575(SSR2) 
stress) 1,839(S8R3) 
(Sexton Attitude to 70% Medical staff 
etal., stress consultant deny effect of 
2000) deny stress on 
effect of performance. 
stress 
80 
81 
j (Smith et 
al., 
2003b) 
Robotic 
Vs. 
Lap. 
Surgery 
SCL 
lower 
with 
robotic 
for both 
tasks 
Self 
assessment 
of difficulty 
and 
discomfort 
similar for 
both 
Pin move task 
took longer 
robotically 
More error 
robotically Robotic surgery 
reduces stress 
levels but 
degrades 
performance 
(Smith et Stress scale Eye blinks No. of knots 
al., (1-7) tied Laparoscopic 
2000b) Lap. 6.1 5.1 10.7 3.7 surgery is more 
stressful than 
Vs. open with poorer 
performance 
Open 5.9 3.2 5.6 19.1 
surgery 
(Tendulk 
ar et al., 
2005) 
Being on 
call for 24 
hrs 
Mean 
HR 
88(J) 
80(S) 
Max 
HR 
136(J, 
116(S 
WBC 
7.1 (J) 
Being on call 
increases stress. 
Senior residents 
cope better with 
stress on 
call(inverse 
relationship of 
stress with level of 
training) 
81 
82 
(Undre et 
al., 
2007a) 
Crisis 
scenarios 
eg 
bleeding, 
equipment 
failure 
OSATS (minS, 
max 40) 
Self rating 
27.39 
Trainer rating 
26.33 
Modified 
NOTECHS 
(1=not done, 
6=done III) 
Trainer ratings: 
Communicate 
4.00 
Vigilance 
4.11 
Teamwork 
&96 
Leadership 
3.76 
Decision 
making 
&95 
MDT simulation 
team training 
feasible 
Nontechnical and 
technical skills are 
affected by 
potential stressors 
82 
83 
(Wetzel 
et al., 
2006b) 
Patient & 
equipment 
problems, 
time, 
distraction 
, personal 
Self report 
via 
interview 
Technical 
ability. 
Teamwork, 
decision 
making and 
judgement 
affected by 
stress 
stress affects 
technical and non 
technical 
performance 
Seniors have 
coping strategies 
(Yamamo 
to et al., 
1999) 
Increasing 
difficulty of 
procedure 
*Rest 
75(J) 
62 (S) 
Pre-
op 
121(J 
74(S) 
End 
105(J 
74(S) 
*Urine 
adrenaline 
(ug/g of 
creatine) 
Pre-
op 
17.2(J) 
15(S) 
End 
26 (J) 
18(S) 
Stress decreases 
with experience 
83 
I now report the key findings from these studies regarding the impact of stress on 
performance. 
3.5.6 Effects of stress on performance 
Comparing robotic surgery vs. laparoscopic surgeryiBtrgatx and Smith, 
2006),(Smith et al., 2003a), stress was lower for robotic surgery (as measured by 
SCL) and although performance was worse (increased task time and errors), this was 
not correlated to the amount of stress experienced. However, another study(Lee et al., 
2005b) using self report found no difference between the two techniques in terms of 
mental stress, although again performance was worse for robotic surgery. There is 
thus conflicting evidence as to whether one technique is more stressftil than the other, 
but a lack of correlation analyses in all studies makes it difficult to attribute poor 
performance to stress. 
Comparing laparoscopic with open surgery{Berg\XQr et al., 2001) (Bohm et al., 
2001),(Smith et al., 2000a), mental stress (measured by self report, SCL and eye 
blinks) was higher with laparoscopic surgery. Fewer knots were tied with 
laparoscopic surgery, suggesting that the increased stress negatively affected 
performance. Bohm et al (Bohm et al., 2001) also compared laparoscopic to open 
surgery, finding that with laparoscopic surgery, the operative time was longer and 
mental strain higher. 
Comparing experienced surgeons with inexperienced subjects(QQr^ex et al., 
2001),(Kikuchi et al., 1995) (Yamamoto et al., 1999) (Bohm et al., 2001)^ revealed 
that experienced subjects had lower stress levels (as measured by HR(Kikuchi et al., 
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1995) (Yamamoto et al., 1999), HRV(Bohm et al., 2001) and SCL, self report and 
eye blinks(Berguer et al., 2001)). This suggests that the amount of stress experienced, 
is moderated by level of seniority of surgeon. Furthermore although in two of the 
studies, both groups performed worse with laparoscopic vs. open surgery (fewer knots 
tied(Berguer et al., 2001) or more time taken(Bohm et al., 2001)), the experienced 
surgeons performed better than their inexperienced counterparts. This suggests that 
senior surgeons may have some ability to cope with stress, thereby reducing its 
negative effect on performance. The authors call for more studies to investigate 
whether the mental stress of laparoscopic surgery decreases with training and 
experience. The finding that more experienced surgeons are Well adapted to the stress 
of surgery has been confirmed by others(Becker et al., 1983) although another 
study(Jezova et al., 1992a) did find no effect of experience on stress (as measured by 
salivary Cortisol). This could however be attributed to the experimental procedure 
used being unlikely to cause stress anyway resulting in the finding of no difference. 
In another study, Moorthy et al examined the effect of bleeding on technical and non 
technical performance of experienced and inexperienced surgeons. Although stress 
was not explicitly measured, bleeding is a key surgical stressor.(Wetzel et al., 2006b) 
This study found that seniors are significantly better in their technical ability to 
control the bleeding, in their crisis management time measures. Overall the evidence 
thus suggests that stress can be overcome with experience. 
Investigating the effect of distraction on performance(]Azs,s>2Ln et al., 2006a, Moorthy 
et al., 2003b, Schuetz et al., 2007), studies found that increased distractions correlated 
with poorer performance (increased task time, number of errors and poorer economy 
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of motion) on difficult laparoscopic tasks, suggesting that these tasks require more 
concentration and are potentially more stressful. Moorthy et al (Moorthy et al., 2003b) 
also found that certain distractions (OR noise, mathematical task and time pressure) 
led to significantly impaired dexterity and increased error, when compared to quiet 
conditions. However, although they postulated that these distractions are stressful, 
there was no measure of stress taken from the subjects. I can only assume therefore 
that these distractions did induce stress which led to the poorer performance. 
Investigating the effect of role of the surgeon (Bohm et al., 2001, Becker et al., 1983, 
Demirtas et al., 2004) (i.e. as primary operator or assistant), studies revealed 
increased mental stress for the primary operator. However although one of these 
studies measured performance objectively using operative time (Bohm et al., 2001), it 
did not do so as a function of the surgeons role (because operative time cannot be 
divided into surgeon and assistant as the two work together at the same time) so the 
increased stress found in primary operators cannot be related to their performance. 
Investigating the effect of multiple stressors on performance (Schuetz et al., 2007, 
Moorthy et al., 2006a, Undre et al.). was importantly considered in the literature as 
frequently surgeons are subject to a variety of stressors in the OR that can and do 
occur simultaneously. Moorthy et al(Moorthy et al., 2003b) found that time pressure, 
noise and distraction led to impaired dexterity (as measured by increased path length) 
and an increased number of errors. However there was no objective measure of stress. 
Schuetz et al(Schuetz et al., 2007), did investigate multiple stressors by measuring 
stress using a symphaticograph. They grouped surgeons into 3 groups - those that 
experienced stress but did not recover, those that experienced stress but did recover 
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and those that did not experience stress. Interestingly, they found that the group who 
experienced stress but recovered demonstrated better manual skill than both the group 
with stress and no recovery (expected) and the group with no stress (unexpected). 
This further suggests that coping with stress leads to improved performance. 
3.5.7 Effect of stress on non-technical performance 
Four studies examined the effect of stressors on non-technical performance. This is 
surprising because although stress may affect technical ability, it is more likely to 
affect non technical skills. The interplay of these human factors is a significant cause 
of adverse events lending to the argument that it is important to recognise and address 
the effects of stress on non-technical skills. Moorthy et al(Moorthy et al., 2006a) 
examined the effect of bleeding, as an example of a stressor, on non-technical 
performance but did not measure stress directly. Comparing experienced and 
inexperienced surgeons, they only found a significant difference in terms of utterance 
frequency with the former being better. No significant difference in communication, 
team skills, decision making or leadership was observed. However this could be due 
to the fact that the scale used by the group to assess non technical skills was not 
particularly relevant to surgery as it had been adapted from aviation. Undre et al 
(Undre et al., 2007a)also used bleeding as a stressor to evaluate surgeons' non-
technical skills finding that leadership and decision making were lower than other 
skills using a modified NOTECHS scale. It is important to note that both these studies 
were however conducted on a simulator. Two other studies also confirmed via self 
report in an interview that excess stress leads to impaired communication, judgement 
and decision-making (Arora et al., 2009b, Wetzel et al., 2006b). As the evidence is so 
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scarce however, more research is needed to investigate the association between the 
effects of stress and non-technical performance. 
3.6 Discussion 
Surgery is believed to be one of the most challenging professions, placing unique 
physical and mental demands upon its practitioners. Stress can be due to a myriad of 
factors, manifesting itself both physiologically and psychologically. This review 
aimed to determine what the key stressors are, how stress is measured and importantly 
its impact on surgical performance. I now discuss findings in relation to these aims 
followed by reviewing the implications of the results for both patient safety and 
surgical training. Finally I highlight the limitations of this review and of this field, 
concluding with an agenda for future research. 
3.6.1 Key Stressors 
A variety of factors were found to be potential stressors to the surgeon in the operative 
envirormient. These included operating itself, robotic surgery and laparoscopic 
surgery, increasing complexity or different stages of a procedure. Equipment 
problems and distractions are also highlighted as well as crises (e.g. torrential 
bleeding) as a cause of stress. A common factor moderating the amount of stress was 
experience, with seniors seemingly better adapted to stressful situations. This is in 
accordance with other studies (Bunch et al., 1992, Zelem, 2007) on the longer term 
effects of stress and burnout in surgeons, highlighting that our findings are consistent 
with the literature. 
3.6.2 Methods for measuring stress 
Although the amount of stress cannot be quantified directly, measures can be used to 
approximate it by looking at the physiological (objective) and psychological 
(subjective) effects of stress. Objective measures include cardiac indices and salivary 
Cortisol. These have been shown to rise consistently when stressed across the studies. 
In the wider non surgical literature, heart rate, heart rate variability and Cortisol have 
been used extensively to assess levels of stress. These measures have been shown to 
be both valid and reliable and can be carried out relatively non-intrusively, efficiently 
and effectively using widely available kit. However, using cardiac indices alone 
means that there is no account taken for individual differences. Few of the studies 
mentioned whether any of their subjects had pre existing medical conditions, or were 
on medication such as B blockers, all of which could have affected HR. HR may also 
have been affected by physical activity such as muscle exertion from a procedure and 
unfavourable environmental conditions. Any increases seen in HR may not directly be 
attributable to stress per se. In fact Becker et al(Becker et al., 1983) found no gross 
effect on heart rate caused by stress itself and attributed the changes to greater 
metabolic demands. Therefore it cannot be clearly presumed that all stress leads to a 
change in HR nor that all changes in HR are due to stress suggesting that the role of 
HR alone as a marker is limited. Ergonomic workstation based measures such as 
number of eye blinks; skin conductance level, urinary adrenaline and white cell count 
are other measures of stress. However their intrusive nature and logistical issues make 
them impractical for surgical research. 
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Subjective measures of stress involve self report of the amount of stress experienced. 
This is particularly important because the perception of stress psychologically is more 
likely to affect the response and coping(Wetzel et al., 2006b). Validated measures 
such as the STAI do exist in the wider literature but have not been incorporated into 
surgical studies. Further research should aim to utilise a dual methodology 
comprising of subjective and objective measures. 
3.6.3 Effect of stress on technical performance 
Only seven studies actually measured both stress and performance (Schuetz et al., 
2007, Smith et al., 2000a, Smith et al., 2003a, Lee et al., 2005b, Bohm et al., 2001, 
Berguer et al., 2001, Berguer and Smith, 2006), but they did not conduct a 
correlational analysis thereby limiting the conclusions that can be drawn. 
Nevertheless, several findings are common across the studies: 
Laparoscopic procedures cause more stress than open and robotic surgery, with worse 
performance compared to open surgery (Berguer et al., 2001, Smith et al., 2000a, 
Bohm et al., 2001) and robotic surgery(Smith et al., 2003a, Lee et al., 2005b, Berguer 
and Smith, 2006). 
Experienced surgeons had lower levels of stress compared to juniors (Berguer et al., 
2001) (Bohm et al., 2001, Kikuchi et al., 1995, Yamamoto et al., 1999)and performed 
better (more knots tied, faster)(Berguer et al., 2001, Bohm et al., 2001, Moorthy et al., 
2006c) suggesting that the effect of stress is moderated by surgical seniority. The role 
of the surgeon i.e. as primary operator vs. assistant was found to increase stress for the 
former (Becker et al., 1983, Demirtas et al., 2004, Bohm et al., 2001). 
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Of the studies examining the effect of multiple stressors on performance (Undre et al., 
Moorthy et al., 2006a, Schuetz et al., 2007), only one (Schuetz et al., 2007) 
specifically measured stress and performance. They demonstrated that surgeons who 
experienced some stress but recovered i.e. coped with it, performed better than both 
those that did not experience stress at all and those that did experience stress but failed 
to recover (cope with it). This highlights the importance of coping with stress to 
improving performance. Overall, therefore studies show that subjects with increased 
stress have poorer technical performance. Whether the poorer performance is directly 
attributable to stress is not conclusive. 
3.6.4 Effect of stress on non technical performance 
Studies that directly measured non technical performance (Moorthy et al., 2006c, 
Undre et al.) did not specifically measure stress making it difficult to attribute the 
results to increased stress. However if I presume that the conditions that the 
investigators imposed were stressful i.e. crisis situations such as excess bleeding, it 
can be seen that leadership and decision making were impaired under stress. 
3.6.5 Implications of results for patient safety 
The finding that stress impairs both technical and non technical performance has 
significant implications both on the surgeon, on patient safety and surgical training. 
The surgical environment is prone to a variety of potential stressors. Although some 
of these may be reduced such as distractions, patients can still be critically ill, rapid 
decisions with serious consequences may need to be made, and all against a 
background of often less than ideal environmental and personal vulnerability. If the 
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subsequent stress experienced by the surgeon compromises their performance, this 
can have a significant impact on patient safety. Poorer performance can lead to 
adverse events, making the recognition and management of stressful situations 
imperative to safer patient care. Studies suggest that performing highly demanding, 
lengthy procedures in succession during one list may increase the potential for 
mistakes(Bohm et al., 2001).The potential consequence of this leading to adverse 
events needs to be borne in mind when planning a list for surgery. Demirtas et al 
(Demirtas et al., 2004) also suggest that the 'aroused emotional state of surgeons 
during an operation make them more prone to make mistakes as a result of physical 
and mental fatigue and strain'. They conclude that surgeons may have a legal 
responsibility to consider this potential negative impact that this sympathetic 
hyperactivity can have on their performance. Furthermore, stress has been shown to 
affect memory, knowledge recall and attention (Kirschbaum et al., 1996). Managing 
stress is therefore highly important to safe surgery. Studies have shown that stress not 
only affects technical skill, but team-working, judgement and decision making 
(Wetzel et al., 2006b, Arora et al., 2008b). Adverse events and poor surgical outcome 
have been shown to be attributable to failure in these non technical skills(Gawande et 
al., 1999). Other high reliability, high risk industries have been faster in accepting the 
role of stress on performance and have implemented training strategies to mitigate its 
effects(Sexton et al., 2000, Institute, 1998). 
3.6.6 Implications of results for surgical training 
Current surgical training programmes provide very little opportunity for surgeons to 
recognise and respond to stress before it becomes deleterious to their practice. 
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Surgeons are taught to perform a procedure in routine circumstances despite an 
operating environment being seldom routine and less than ideal for inexperienced 
surgeons. Senior surgeons have learnt from anecdotal experience how to deal with 
potentially stressful situations - the juniors do not have this benefit. This is neither 
safe nor acceptable. Conditioning to stress improves during surgical training with 
seniors experiencing less stress than juniors(Bohm et al., 2001) and coping with it 
better i.e. performance is less affected(Berguer et al., 2001, Moorthy et al., 2006c). 
Preconditioning to stress 'confers a well documented influence on the cardiovascular 
response and alters a subjects approach to psychological challenges' (Tendulkar et al., 
2005, Kelsey et al., 1999). Tendulkar et al (Tendulkar et al., 2005) suggest that senior 
surgeons have undergone this preconditioning and call for 'constructive 
preconditioning' in dealing with stress. Indeed, the ability to deal with stress depends 
on a variety of factors, including personal vulnerability, and psychological and social 
resources. A recognised model of stress (Lazarus, 1993a) stipulates distress is 
experienced when perceived resources are outweighed by perceived demands. 
Increasing the perceived resources available by providing the opportunity to practice 
stress management is thus an effective mode of coping with stress. 
Providing exposure to stress in safe environment, as in a simulation, is one way of 
offering exposure and experience. Simulations provide training in such an 
environment allowing for error to occur and the opportunity to learn from it. They 
have been widely used in the aviation industry as part of CRM training (Helmreich et 
al., 1999). The use of simulation for stress training is explored later in this thesis. 
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3.6.7 Limitations of this review 
The main limit of this review is that its utility is a function of the type of primary 
research it contains. Heterogeneity of research designs, unstandardised outcome 
measures and wide variation in details given in journal articles rules out a quantitative 
synthesis of the research evidence and a formal meta-analysis. Specific limitations of 
this body of research are outlined below. 
Limitations of this field 
Having reviewed the literature on stress and surgical performance, several limitations 
of the research in this field are apparent. Firstly regarding measures of stress, 
determining reliable markers of mental stress is a key issue. Studies have used skin 
conductance level, salivary Cortisol, electrooculogram and cardiac indices to 
approximate stress. A rise in these measurements whilst operating, however, makes 
the necessary presumption that the increase is due to mental stress which may or may 
not be the case. For example, stressful experiences may not increase HR and HR can 
increase without stressors (Pagani et al., 1989, Payne and Rick, 1986a). Other studies 
have used self report. To overcome this problem, one needs to validate the measures 
against each other and use a multi modal strategy. 
Furthermore, in an ideal situation, if one is to look at the effects of stress on surgical 
performance, then it is ideal for the performance to be examined as it happens for real 
in a live OR. However studies in real OR are limited by their reliance on only one 
measure of stress (usually Heart rate or heart rate variability). Also in the clinical 
enviroimient, patient safety must come first and foremost making it inappropriate to 
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measure performance as accurately as one would like. Using a simulated OR 
overcomes this problem - it can provide a full procedural simulation whilst still 
allowing for detailed data collection. Interestingly, only two of the studies (Moorthy 
et al., 2006a, Undre et al.) used this as their setting possibly due to lack of availability 
or access to a Simulated OR. As these become more commonplace however, it is 
likely that their suitability for studies such as this will be recognised. 
Another limitation of the literature relates to the exclusive use of performance times 
and error rates i.e. technical measures as study end points. This view is rather 
oversimplified and potentially misses many of the non-technical effects of stress 
despite studies in the non-surgical literature demonstrating that stress affects non 
technical outcomes(Arora et al., 2008b, Wetzel et al., 2006b). Studies also presume 
that the quality of performance is affected by stress i.e. high stress causing poor 
performance assumes one is attributable to the other. What is lacking is correlational 
analyses of the results which would make the link more transparent. In addition, 
despite the obvious need to train in stress management, only one study examined the 
effect of stress-coping strategies on surgical performance(Hassan et al., 2006a) with 
no reports on stress training interventions in surgery. 
3.6.8 Future research agenda 
The lack of unequivocal evidence for much of the research on stress and surgical 
performance clearly calls for further studies in this field. The consequences of 
increased stress, as seen in a crisis situation, on performance and safety needs to be 
further defined. Observed differences seen between seniors and juniors are most likely 
due to increased experience. Simulation provides an opportunity for this experience to 
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be accumulated. Future research should investigate whether increasing experience in a 
procedure reduces stress and the subsequent effect on performance. 
Instruments and tools need to be developed and validated if reliable human factors 
and stress data is to be collected. Any such stress measurement tool should combine 
both subjective i.e. self report and objective i.e. physiological measures. What is 
required is a simple, easily available means of objectively measuring stress and 
comparing it to subjects' self report so as to obtain validity of external measures. To 
be truly sensitive, a multi faceted stress measurement tool combining psychological 
and physiological variables needs to be implemented. 
Further studies are required to demonstrate the effect of stress on non technical skills 
and the consequences of their failure to patient safety. Conversely, better training in 
non technical skills such as effective team work, decision making and mental 
readiness may prove effective coping mechanisms. This needs to be investigated 
further. Although a small amount of stress can help concentration and alertaess, 
excessive levels can compromise performance(Yerkes and Dodson, 1908). Future 
research should seek to determine where this optimal level of stress lies and 
investigate how surgeons actually respond to stress, as opposed to simply measuring 
stress per se. Determining how experts cope with stress can act as the basis for 
training programmes designed to reduce the deleterious effects of stress on surgical 
practice. 
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3.7 Conclusion 
Surgeons are exposed to a large number of stressors and although the existing 
literature on stress and surgical performance prohibits generalizable claims, the 
direction of the evidence suggests that excessive stress does negatively affect surgical 
performance. The pressure to cover up a mistake and not admit to stress has led to 
opportunities for improving coping being overlooked, despite a considerable amount 
of progress being made in other parallel industries. The change in culture that has 
arisen in the aviation industry, with open acknowledgement of human factor failure 
has come about, 'through the involvement of the research community.. .and the use of 
data driven initiatives to raise awareness of the limitations of human performance...' 
(Sexton et al., 2000). An important first step for any of this to occur is to develop a 
rigorous methodology to measure stress in the operating environment. As mentioned, 
this should ideally combine self report with physiological indices. The next chapter 
describes the development of such a multi faceted tool, termed IS AT (Imperial Stress 
Assessment Tool). 
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4 DEVELOPMENT OF A METHODOLOGY TO 
MEASURE STRESS: THE IMPERIAL STRESS 
ASSESSMENT TOOL (ISAT) 
4.1 Chapter overview 
This chapter builds upon the future research agenda identified in the literature review 
by describing the development of a multi faceted tool to measure stress in the OR. An 
introduction to the key issues surrounding measurement of stress is presented, 
followed by a description of the methodology used for this empirical study. Results 
are presented in terms of the stressful cases identified, the reliability and validity of 
measures utilised, the response of the measures in the stressful cases and finally their 
sensitivity and specificity in picking up stress. The relative incidence of stress causing 
factors is identified and their relationship to the surgeons' stress levels elucidated. A 
discussion follows on the issues raised by this study. 
4.2 Introduction 
A systems view to quality and safety in surgery (Vincent et al., 2004) recognises that 
surgical outcome is dependent upon technical abilities and human factors to include 
communication(Kneebone, 2006), teamwork(Yule et al., 2006a, Undre et al.) and 
decision making (Sevdalis and McCulloch, 2006). The literature review (chapter 3) 
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highlights the evidence that excessive stress negatively affects surgical 
performance(Arora et al., 2010d). As stress induced impaired technical and non 
technical performance can lead to adverse events (Gawande et al., 2003a), recognition 
and management of stressful situations in the Operative environment is imperative to 
safer patient care. For this to occur, however, careful identification and measurement 
of stress is required so that its full effects on performance and subsequently upon 
clinical outcome can be understood more clearly. The first step is thus to develop 
reliable and valid tools to delineate the extent of stress in the OR. 
As stress per se is difficult to measure, the only way to approximate it is by 
measuring its effects, either as perceived by surgeons themselves (subjective 
measures), or upon their physiological state (objective measures). Previous studies 
have used markers such as heart rate(Becker et al., 1983), heart rate variability(Bohm 
et al., 2001), skin conductance level(Schuetz et al., 2007), eye blinks or 
cortisol(Jezova et al., 1992a) in an attempt to quantify surgeons' stress. However, due 
to heterogeneity in the study designs regarding use of the measures, results are not 
comparable. Furthermore, studies have typically used only one objective measure to 
capture stress, making it difficult to capture reliability and validity. Even when two 
measures have been used, there is nothing in the surgical literature to validate them 
against each other. 
Another issue pertains to the fact that studies have used either objective markers or 
subjective markers to measure stress - rarely both. It is important to objectively 
measure stress but at the same time, according to the transactionist model of 
stress(Lazarus, 1985), which defines stress in terms of the interaction between the 
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individual and the environment, stress is only present when it is perceived as such by 
an individual. Subjective measures are necessary because the perception of stress 
psychologically is more likely to affect the response and coping(Wetzel et al., 2006b) 
and subsequently the surgeon's performance. Studies that do include self report^^'^^ 
have not used widely accepted scales to measure it. To be truly sensitive, a multi 
faceted stress measurement tool combining psychological and physiological variables 
needs to be implemented. 
Furthermore, much work conducted in stress in surgery has been conducted on bench 
top models or in simulation (Hassan et al., 2006a, Schuetz et al., 2007, Berguer et al., 
2001, Moorthy et al., 2003b). This may not be realistic of the real operative 
environment. Difficulty in measuring stress in the real OR may be a reason as to why 
research is lacking. What is required is a simple, non intrusive multi - method 
strategy that can measure stress without interfering with the surgeons' routine 
practice. 
4.3 Aims 
The primary aims of this study are: 
I. To develop a systematic methodology (IS AT) for measuring intra operative 
stress, that incorporates subjective and multiple objective measures and is both 
feasible and non intrusive. 
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II. To use IS AT (Imperial Stress Assessment Tool) to investigate the prevalence 
of acute intra-operative stress in surgery, 
III. To evaluate ISAT by; 
o validating STAI as a tool for measuring stress in surgery by testing its 
reliability 
o investigating the association between our measures i.e. to compare 
objective measurements of stress to subjective STAI so as to determine 
concurrent validity 
o Determining the sensitivity and specificity of HR and salivary Cortisol to 
'detecting' stress in the OR 
The secondary aims were to quantify the factors causing stress in the OR and their 
relative incidence; and finally to evaluate the relationship between these stress causing 
factors and the surgeons' stress levels. 
4.4 Methods 
4.4.1 Participants 
Eleven surgeons were recruited firom General Surgery, Cardiothoracic Surgery and 
Trauma and Orthopaedics by using purposive sampling. These specialities were 
chosen because their acute nature meant they were more likely to encounter 
stress(Arora et al., 2008b). A total of 55 observations were carried out across these 11 
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surgeons in a range of settings. These observations were carried out by a psychologist 
observer (75% of cases) and by myself (25% of cases). Table 4.1 summarises the 
procedures and table 4.2 the demographics of the surgeons. No surgeon had any 
history of neurological or psychiatric disorders, or was taking any medication 
affecting their autonomic nervous and endocrine systems. 
Table 4.1 Summary of procedures observed 
Setting Open Surgery 
(emergencies 
in brackets) 
Laparoscopic 
Surgery 
(emergencies 
in brackets) 
Type of 
Anaesthetic 
Role of surgeon observed 
Main OR 27(5) 11(1) GA= 38 
LA = 0 
Primary Surgeon =10 
Teaching Junior =12 
Assisted =16 
Day 13 1 GA= 12 Primary Surgeon = 8 
Surgery LA = 2 Teaching Junior = 2 
Assisted = 4 
Temporary 0 2 GA= 2 Primary Surgeon = 2 
OR LA = 0 
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Table 4.2 Summary of demographics of surgeons 
Age Gender Grade Years of 
experience 
Speciality Number of 
observations 
27 Male SHO 1 General 5 
28 Male SHO 2 General 5 
29 Female SHO 3 General 6 
31 Male SpR 6 General 5 
33 Male SpR 8 Orthopaedics 5 
31 Male SpR 7 General 5 
41 Male SpR 13 General 4 
59 Male Cons 38 Cardiac 2 
37 Male Cons 14 General 6 
37 Male Cons 12 Orthopaedics 6 
42 Male Cons 15 General 5 
The duration of the observations depended upon the duration of the surgery and 
ranged from 12 minutes (rectal exam and biopsy) to 8 hours (lower oesophagectomy 
and total gastrectomy). Anonymity was assured, informed consent obtained and 
ethical approval granted for this study. 
4.4.2 Materials and instruments 
The systematic review revealed a variety of measures that could be used to capture 
stress. However we chose the following tools as they were deemed the most practical 
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to use in the setting of a real OR (as opposed to eye-blinks and SCL) whilst at the 
same time, capturing both subjective and objective stress. 
4.4.2.1 Salivary Cortisol 
Salivary Cortisol was used as an objective marker of stress as it is non intrusive 
(compared to venepuncture to obtain blood sampling) and an accurate indicator of 
serum Cortisol l(Laudat M.H et al., 1988). It is known to increase with psychological 
stress(Stroud LR et al., 2002) and stress related to surgery (Jezova et al., 1992a). 
Saliva was collected into a cotton swab or salivette (Sarstedt; Leicester, UK) 
immediately before and after each observation. Samples were stored at -20°C prior to 
analysis. At the time of analysis, thawed samples were centrifuged (lOOOg, 5 mins) to 
remove the saliva from the swab, stored at +4 °C and Cortisol concentrations 
determined by luminescence assay (IBL; Hamburg, Germany). This lab-based Cortisol 
analysis was conducted by trained technicians in Hammersmith Hospital. Surgeons 
were asked to report activities that may influence salivary Cortisol levels (e.g. recent 
food or caffeine intake, exercise or tooth brushing). 
4.4.2.2 Continuous heart rate monitoring 
Surgeons wore a Polar S710i continuous heart rate monitor throughout the 
observation. Effective contact between the chest strap and skin was ensured using 
aqueous jelly and the watch was kept in the pocket of the surgeon's scrubs. Data was 
recorded, transferred to a PC by infrared and analysed using Polar Precision 
Performance software. The time period of the procedure was selected (1®' incision to 
final closure) and the mean and maximum heart rate during this period was analysed. 
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4.4.2.3 State Trait Anxiety Inventory (STAI) 
A shortened version of Spielberger's state trait anxiety inventory (STAI) for adults 
(Speilberger et al, 1970, Marteau and Bekker, 1992) was used to quantify emotional, 
physical and cognitive aspects of stress experienced prior to, during and following the 
operative procedure. Scores increase in response to psychological stress with a 
maximum score of 24. The 6-point score was calculated to give an indication of 
subjective stress levels pre-, intra- and post-surgery for each observation. 
There were several reasons as to why this shorter 6 point version of the STAI was 
chosen. First, it is a validated tool particularly suitable for when time constraints, such 
as those in a busy surgical setting, prevent the completion of the longer 40 item 
questionnaire. I strongly felt that it would not be practical or logistically feasible to 
ask surgeons to complete the 40 item questionnaire pre and post surgery. Second, this 
version measured 'state' anxiety as opposed to 'trait' anxiety which was important for 
the purposes of this study: I very much wanted to capture the acute stress experienced 
during the task (the 'state') rather than any personality variables predisposing to stress 
(the 'trait') which could have confounded the results. Several other measures of stress 
that could have potentially been utilised were not incorporated into this study for 
various reasons. This included the Perceived Stress Scale (Cohen et al 1983) which 
was not chosen as it contained a number of dimensions overlapping with the 
psychological symptoms of depression and therefore did not specifically focus upon 
acute stress, the Psychological Stress Measure (Lemyre and Tessier 2003) and the 
multiple Life Events checklists such as the Life Events and Difficulties Scale (Brown 
and Harris 1978) which again all did not focus upon acute stress. 
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4.4.3 Study Procedure 
Prior to the operative procedure, surgeons were equipped with a chest belt and wrist 
receiver of the Polar device for continuous measurement of HR throughout the 
session. The time the HR monitor was attached was noted as well as the time that the 
operation actually started (defined as skin incision). Salivary Cortisol samples were 
taken immediately after the surgeon entered the operating room and the time noted. 
Finally the surgeon was asked to complete the STAI questionnaire immediately before 
scrubbing. 
During each procedure, one observer recorded activities and events that occurred in 
real time using standard ethnographic field note techniques(Crabtree B.F et al., 1999). 
Recorded observations included occurrences such as communications between the 
surgeon and other team members, entrance and exits of individuals, operative events 
and distractions such as background noise. No audio or video recordings were made 
as these were outside of the ethical approval obtained for this study.. 
The following details of the procedures were also collected by this observer: date, 
time, location, operation performed, type of anaesthesia (GA or LA), role of surgeon 
(primary operator or assisting) and whether it was emergency or elective. After the 
procedure, subjects were given the STAI questionnaire assessing their subjective 
stress experience for both during and after the procedure. In addition to STAI, 
surgeons also rated how stressful they found eight different factors during the 
procedure on a scale of 1-10 (l=not stressfiil at all; 10=extremely stressfiil). These 
factors were: technical problems, patient problems, teamwork problems, time and 
management issues, distractions/interruptions, equipment problems, personal 
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problems and teaching a junior colleague. Selection of these factors was based upon 
our previous research which identified the sources of stress in surgery which were 
most likely to compromise safety(Sevdalis et al., 2008b, Arora S et al., 2008). Finally 
saliva samples were taken and the heart rate monitor that the surgeon had worn 
throughout the procedure was removed. The time the procedure ended and the time 
that the salivary Cortisol was collected was carefully noted. 
4.4.4 Data analysis 
4.4.4.1 Primary aims 
Descriptive analysis of all cases was conducted using SPSS v. 16.0. Cases were 
identified as stressfiil dependent on whether STAI was elevated from pre to intra-op. 
STAI was validated as a tool for measuring stress in surgery by testing its reliability 
across all 54 cases. To determine concurrent validity/ reliability of the measures I 
compared HR and Cortisol to subjects self report (STAI). This demonstrates whether 
the objective measures are a replication of the subjective measures. I noted the 
direction of the effects for each case and noted for how many cases, the direction was 
the same ie STAI and Cortisol and HR all increased. Pearson correlations were used 
to test the relationships between the measures for the stressful cases. Finally 
specificity and sensitivity analyses were conducted. All data analyses and subsequent 
work was conducted by me (except transferring the hand written raw data into 
electronic format which was conducted with the aid of the psychologist observer.) 
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4.4.4.2 Secondary aims 
Regarding the quaUtative data, the original field notes fi-om the OR were transcribed. 
A subset of these transcripts was then reviewed by the relevant participating surgeons. 
Such 'member-checking' ensured that operative events were accurately recorded, thus 
ensuring validity of findings. Transcripts were independently coded by two 
researchers who used a framework based on our previous research(Arora S et al , 
2008, Wetzel et al., 2006b) to identify the key stressors. The stressors in each 
transcript were systematically annotated according to the pre-defined categories and 
entered into a database documenting the nature and frequency of each stressor per 
case. In order to further enhance the reliability of the coding a quantitative reliability 
analysis was conducted between the two coders for the number of stressors identified 
in each category across all cases. Any case in which there was a large discrepancy in 
stressors noted was discussed amongst the research team until consensus was 
achieved. 
The frequency of the key stressors identified from the transcripts across all cases was 
computed and an absolute and relative (%) frequency count generated for each 
stressor. A mean score for how sfressfiil the surgeons perceived each of these eight 
stressors was calculated. 
4.5 Results 
For the results that follow I will firstly present the stressful cases and their 
characteristics, followed by the reliability of STAI as tool for measuring self-reported 
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stress. I then present the validity of the objective measures of stress, examining 
concurrent validity and their consistencies in noting the direction of the effect. Finally 
I will present the sensitivity and specificity of HR and Cortisol as measures for 
detecting stress. These results are from Phase I of the analysis. Following this, I 
present the incidence of the stressors in the OR (alongside evidence of their 
reliability) in the results from Phase II. 
4.5.1 Stressful cases 
I first present the self reported stressful cases which were identified based upon 
whether the STAI increased from pre-op to intra-op. This is summarised in table 4.3. 
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Table 4.3 The 23 stressful cases — Descriptives, Self report and Objective results 
GA/ Role of Venue Procedure Patient STAI STAI Base Mean Max Cortisol Cortisol 
Grade LA surgeon age pre-op intra HR HR HR pre-op post-op 
main Laparoscopic 
SHO GA assisted OR Cholecystectomy 56 9 14 72 83 187 1.15 &86 
main Lap assisted sigmoid 
SHO GA assisted OR colectomy 49 17 18 80 81 107 2.03 1.29 
SHO GA assisted 
main 
OR 
Laparoscopic 
Cholecystectomy -
converted to open 46 15 19 71 83 115 1.75 3.71 
SpR GA 
primary 
surgeon 
main 
OR Appendectomy (open)* 26 10 11 85 94 117 1.63 3.18 
teaching main Paraumbilical hernia 
SpR GA junior OR repair 66 7 9 78 103 124 7.16 4.17 
SpR GA 
primary 
surgeon 
main 
OR 
Laparoscopic 
Cholecystectomy -
converted to open 32 10 11 74 91 115 3.17 4.11 
SpR GA assisted 
main 
OR 
Laparoscopic 
removal of gastric 
band* 32 7 15 81 96 109 4.69 5.74 
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teaching main Appendectomy 
SpR GA junior OR (open) 23 9 12 90 103 110 3J2 3.94 
SpR. GA 
teaching 
junior 
day 
surgery 
Examination of 
rectum under 
anaesthesia 38 9 12 73 72 88 2.31 2.41 
primary main 
SpR GA surgeon OR Oesophagectomy 64 11 15 70 73 101 &88 7.11 
primary day 
SpR LA surgeon surgery Excision biopsy 27 8 9 83 89 101 3.23 143 
main Oesophagectomy and 
SpR GA assisted OR total gastrectomy 60 12 22 84 108 223 7^2 8.06 
teaching main 
Cons GA junior OR CABG 84 7 8 68 71 79 546 3.41 
primary main 
Cons GA surgeon OR CABG 60 7 10 70 70 104 4.81 6.79 
teaching main 
Cons GA junior OR reversal of ileostomy 58 6 8 80 89 108 3.6 5J8 
primary main laparoscopic 
Cons GA surgeon OR adliesiolysis 39 7 8 78 98 187 3j2 7.09 
Cons GA 
primary 
surgeon 
main 
OR 
laparoscopic 
converted to open 
anterior resection 48 6 10 84 98 126 6.18 5.5 
I l l 
teaching main 
Cons GA junior OR dynamic hip screw* 59 12 14 79 96 116 3^3 
diagnostic 
primary day artliroscopy of 
Cons GA surgeon surgery shoulder joint 57 9 10 74 90 105 9.14 
lower 
primary main oesophagectomy & 
Cons GA surgeon OR total gastrectomy 60 11 14 82 109 131 2j^ 0.83 
primary main 
Cons GA surgeon OR oesophagectomy 68 9 11 68 120 214 5.69 22.98 
primary main laparotomy & 
Cons GA surgeon OR resection* 70 20 23 80 127 225 20.33 23 
primary main 
Cons GA surgeon OR total gastrectomy 53 11 13 78 99 122 &28 14.54 
* 5 indicates emergency procedure 
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Inspection of Table 4.3 suggests that the number of stressful cases was ahnost 
equally distributed between consultants (n=l 1) and surgical trainees (n = 12), 
highlighting that both grades are subject to stress. Most of the stressful cases occurred 
when the surgeon observed was the primary surgeon (n=12), although stress also 
arose when teaching juniors (n=6) and assisting (n=5). 20 out of 23 of the stressful 
cases were observed in main OR, only 4 were emergencies and only 1 case was 
performed under a Local Anaesthetic. 7 of the 23 cases started as a laparoscopic 
procedure of which 3 were converted to open, indicating their inherently stressful 
nature. 
Figure 4.1 demonstrates the percentage of cases across the different categories that 
were stressful. The percentages were calculated by the no. of stressful cases in that 
category / total no. of cases in that category x 100. 
-s- 100 
f 90 
§ 80 
& 30 
f 20 
p 10 
/ / / 
category 
1 1 r 
y V 
Figure 4.1 % of stressful cases by type of case, role and grade of surgeon 
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This shows that in general, laparoscopic surgery was more stressful than open, 
emergency more stressful than elective, being the primary surgeon more stressful than 
teaching or assisting and being a consultant more stressful than being a trainee. 
Overall however, 23 out of the 54 cases observed were stressful indicating the high 
prevalence of acute stress in intra-operative surgery. 
4.5.2 Reliability of STAI 
As STAI was used to determine at base level whether the case was perceived as 
stressful, I conducted a reliability analysis of the measure. Table 4.4 summarises 
Cronbach a reliability coefficients across all administrations of STAI. The tool was a 
reliable (i.e. internally consistent) measure of self-reported stress across all observed 
cases, pre- and intra-operatively and in both stressful and non-stressful cases. 
Table 4.4 Reliability of STAI scores across cases and operative phases 
Operative phase 
Pre-op Post-op 
All cases (N = 54) &83 0.76 
Cases Stressful cases (N = 23) 0.90 0.74 
Non-stressful cases (N = 31) 0.74 &63 
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4.5.3 Validity of the measures of stress 
Subjective (STAI) and objective (HR, Cortisol) measures of stress across stressful and 
non-stressful cases are summarised in Table 4.5. Regarding the subjective experience 
of stress, there was no significant difference in STAI scores pre-operatively (i.e., at 
the baseline) between stressful and non-stressful cases. Surgeons in stressful cases, 
however, reported higher levels of post-operative stress. Regarding the objective 
measures, no significant difference between stressful and non-stressful cases was 
obtained for Cortisol. However all HR measures (baseline, mean, and maximum) were 
consistently higher in the stressful cases than in the non-stressful ones. The small but 
significant difference in baseline HR could suggest that in the procedures that turned 
out to be stressful surgeons might have been somewhat more stressed from the very 
beginning (compared with the non-stressful procedures). 
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Table 4.5 Stress indicators (STAI, HR, and Cortisol concentration) across stressful 
and non-stressful cases 
Non-stressful cases 
M SD 
Stressful cases 
M SD 
t(dQ, significance 
STAI Pre-op 11.42 2.75 9.96 3.51 t(52)= 1.72 
Post-op &81 Z20 12j^ 4.27 t(30.64) = 3.15" 
Heart Baseline 72.07 76.17 5.74 t(52) = 2.56' 
rate Mean 79.94 &55 9117 14.94 t(32.57) = 3.81"' 
Maximum 9423 11.75 131.48 43J8 t(24.43) = 4.03'" 
Cortisol Pre-op &00 1,80 4 j 3 185 t(52) = l . l l 
Post-op 4.26 L85 6.53 6.01 t(25.10) = 1.75 
Note: whenever non-integer degrees of freedom are reported, the test has been corrected for non-
homogeneous variances across the two groups. Statistical significance as follows; *p < 0.05; **p < 0.01; 
""^<0.001. 
Further evidence of the individual differences in these indicators is provided in table 
4.6 which summarises the inter-correlations between subjective and objective 
indicators of stress. As can be readily seen from the table, all baseline measures 
(STAI-pre, baseline HR, and cortisol-pre) correlate positively with measures taken 
post-operatively (STAI-post, mean and maximum HR, and cortisol-post). These 
correlations further demonstrate that surgeons who tended to be more stressed pre-
operatively were also more stressed post-operatively. More interestingly for our 
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purposes here, I obtained sizeable and positive correlations firstly between self-
reported stress levels and Cortisol pre-operatively and secondly between self-reported 
stress levels and mean and maximum HR post operatively. Post-operative Cortisol also 
correlated with mean and maximum HR. Taken together, these correlations provide 
positive evidence for the concurrent validity of the three measures of stress. 
Table 4.6 Intercorrelations between stress indicators across cases (Pearson r 
correlation coefficients) 
STAI-
pre 
STAI-
post 
HR: 
baseline 
HR: 
mean 
HR: 
Max 
Cortisol- Cortisol-
pre post 
STAI-pre 1 
STAI-post 0.59'" 1 
HR: 
baseline 
-0.13 0.13 1 
HR: mean -0.00 0.37" 0.60*" 1 
HR: max 0.02 0.47"' 0.35* 0.77*** 1 
Cortisol-pre 0.34* 0.16 -0.05 0.04 0.12 I 
Cortisol-
post 
0.12 a25 0.02 0.52*** 0.57*** 0.52*** 1 
Note: correlations based on N = 54. Statistical significance of the coefficients as follows; * p < 0.05; ** 
0 . 0 1 ; 0 . 0 0 1 
Next, I analysed the movements of the three stress measures in all observed cases to 
determine if the direction of the effect was consistent across all measures. Since stress 
is ultimately what is perceived by the individual, I took the self reported measure of 
stress (STAI) as the baseline and compared it to the objective measures. If the 
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objective parameters correctly pick up stress, increased STAI scores should be 
mirrored in elevated HR and Cortisol concentration. Equally, stable or decreasing self-
reported stress should be associated with stable or decreasing levels of these objective 
indicators. 
Movements of HR and Cortisol against stress self-reported by surgeons can be seen in 
Table 4.7. Perfect agreement between subjective and objective indicators was 
obtained in 15/23 stressful cases and 17/23 non-stressful cases. In these cases, 
elevated STAI scores were associated with elevated HR and Cortisol levels (stressful 
cases) and decreased STAI scores were associated with normal HR and decreased 
Cortisol levels (non-stressful cases). In summary (see Table 4.8), subjective stress 
(STAI) was matched by both objective indicators in 32/46 cases (70%), by Cortisol in 
37/46 cases (80%) and by HR in 39/46 (85%) of cases. In only 2 cases (4%) 
subjective stress was not picked up by any of the objective indicators and in 3 cases 
objective stress (elevated HR and Cortisol) was not matched by an elevated STAI. 
Table 4.7 Aggregated movement of stress indicator across cases 
Heart rate 
Elevated Normal 
Cortisol 
elevated 
Cortisol 
dropped 
Cortisol 
elevated 
Cortisol 
dropped 
Total 
Elevated 15 6 1 1 23 
STAI 
Dropped 1 4 1 17 23 
Did not change 2 2 0 4 8 
Total 18 12 2 22 54 
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Table 4.8 Consistency in movement between subjective (STAI) and objective (HR and 
Cortisol) stress indicators 
STAI 
Consistent 
with heart 
rate 
Inconsistent with 
heart rate 
Total 
Consistent with Cortisol 32 5 37 
STAI Inconsistent with Cortisol 7 2 9 
Total 39 7 46 
4.5.4 Specificity and sensitivity analyses 
I also carried out sensitivity/specificity analyses for HR and Cortisol, to assess their 
quality as objective indicators of stress. These analyses are based on the subset of 46 
cases, in which some variation (increase/decrease) in self-reported stress was 
observed and are summarised in Table 4.9. These analyses reveal that HR is a more 
sensitive and Cortisol a more specific indicator of stress. Compared to a non-stressed 
surgeon, a stressed surgeon is 4 times more likely to have a raised HR and almost 8 
times more likely to have elevated Cortisol levels. These analyses suggest that the two 
objective indicators are complementary to each other. Taken together with the 
correlations and agreement between subjective and objective indicators of stress 
reported above, these findings strongly suggest that more than one indicators of stress 
should be used for assessment. 
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Table 4.9 Sensitivity and specificity analyses of objective indicators against self-
reported stress 
STAI 
Elevated Dropped Total 
Elevated 21 5 26 Sensitivity: 21/23 = 91% 
HR Dropped 2 18 26 Specificity: 18/23 = 78% 
Total 23 23 46 LR+: Sens/(1-Spec) = 91/22 = 4.14 
Elevated Dropped Total 
Elevated 16 2 18 Sensitivity: 16/23 = 70% 
Corti 
-sol 
Dropped 7 21 28 Specificity: 21/23 = 91% 
Total 23 23 46 LR+: Sens/(1-Spec) = 70/9 = 7.78 
Note: LR+ are likelihood ratios for a positive HR or Cortisol result 
4.5.5 Stressors identified from ethnographic field notes 
Next I present examples of the stressors which were extracted from the field notes. In 
particular, the eight categories of stressors identified and examples of their occurrence 
in the OR are shown in table 4.10. 
With regards to inter-rater reliability, moderate to strong correlation coefficients (rs 
0.60-0.82) were obtained between the coders for each of the key stressors, indicating 
that identification of stressors from the transcripts between the coders was reliable. 
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Table 4.10 Key stressors with example from field notes 
Category of stressor Example extract from field note observations 
Technical 
Factors related to 
complexity of procedure 
Trainer points out that abscess is in a "dangerous place" with 
blood supply and nerves in close proximity 
Patient 
Factors related to dealing 
with an unwell patient 
Anaesthetist to surgeons "Mmm - she's slipping her BP a bit" 
Surgeon replies "How is she?" Anaesthetist: "Not awfully 
good, but alright. She keeps dropping her pressure" 
Team 
Factors related to 
interpersonal issues and 
teamwork 
Nurse scrubbing - getting ready for shift change. During this 
phase, 2 other Scrub nurses count the instruments and swabs; 
less attentive to surgeons and slower to respond to requests. 
Surgeon becomes more impatient. 
Time & management 
Factors related to time 
pressure and organisational 
and management issues 
Assistant surgeon talks to primary surgeon about next patient 
(from the emergency list) - operation may need to be 
cancelled as no ITU bed is available. Primary surgeon is 
frustrated and asks assistant to leave the OR to sort out,' the 
usual mess with the bed situation' 
Distractions/Interruptions Surgeon's phone persistently rings. Circulating Nurse answers 
and relays non-urgent message to surgeon at the table. 
Surgeon stops operating to talk to nurse. 
Equipment problems Surgeon asks for an instrument - not available. Surgeon to 
Scrub Nurse "I really need it now" (urgency in voice). Scrub 
Nurse sends Circulating Nurse to get one. 
Teaching Consultant surgeon guiding assistant surgeon verbally on 
where to diathermy on inside of peritoneum. Eventually says 
"Can I just show you?" Takes instrument and traces line "I 
would tend to go down there" Gives it back. This instruction 
is then repeated several times. 
Personal Assistant surgeon mentions to nurse, 'I've been up all night 
on call. I'm totally exhausted so can I just get on with it...' 
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4.5.6 Frequency of stressful events and their relative impact on experienced 
stress 
Table 4.11 shows the total count of each of the key stressful events measured from the 
entire case sample. Across all operations, 323 stressors were identified (according to 
consensus agreement between the raters). The total count of stressors per case ranged 
from one to 23.5, with a mean of 5.87 (SD 5.84). The most frequent type of stressor 
identified was distractions/interruptions and the least frequent type of stressor 
identified was teaching. These findings provide evidence that surgeons regularly face 
a number of stressors in the OR. 
Table 4.11 Frequency of stressful events observed and their stress ratings (mean and 
standard deviation) 
Stressors 
Absolute 
Frequency 
Relative 
Frequency(%) 
Stress 
(Self-reported) 
Mean SD 
Distractions/interruptions 85.5 26.47 2.67 1.59 
Patient 56.5 17.49 3.62 2.60 
Technical 46 14.24 3.93 2.50 
Equipment problems 45.5 14.09 3.09 1.89 
Personal 26 8.05 2.25 1.36 
Team 25 7.74 3.00 2.18 
Time & Management 23.5 7.28 2.73 2.10 
Teaching 15 4.64 2.20 1.25 
TOTAL 323 100 
122 
Table 4.11 also shows how stressful each of these factors was perceived to be by the 
surgeons. The findings provide evidence that the potential safety compromising 
factors (stressors) actually elicit differing levels of stress. Surgeons rated technical 
problems as the factor that caused the most stress followed by patient, equipment, 
team, time management, distractions /interruptions, personal and teaching factors. 
Figure 4.2 categorises the factors according to their frequency and level of stress that 
they trigger. For example, team problems are less frequent but cause high levels of 
stress whereas distractions are common but not so stressful. 
CO 
to 
UJ 
Q: 
I— 
CO 
FREQUENCY 
HIGH LOW 
Technical Problems 
HIGH 
1 
Patient Problems 
Equipment issues 
Team-work issues 
Time & Management Issues 
LOW 
Distractions 
Personal Problems 
Teaching 
Figure 4.2 Stress/Frequency Matrix 
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4.6 Discussion 
Acute intra-operative stress can have severely detrimental consequences to both the 
surgeon and the patient making it crucial to recognise and manage its negative effects. 
Very little work actually provides empirical data examining acute stress in the 
operative environment. This study aimed to develop a feasible, non intrusive method 
for measuring stress, use it to identify stressful cases and importantly to cross validate 
the measures in the existing literature. 
Regarding my first aim, I demonstrated that our methodology was feasible and non-
intrusive. Previous studies on stress in surgery have mainly dealt with bench-top 
conditions in a laboratory(Moorthy et al , 2003b). Ergonomic type workstations 
(Berguer and Smith, 2006) and 24 hour holter monitors(Tendulkar et al., Becker et al., 
1983) although excellent to objectively measure stress may not be feasible and thus 
impractical logistically to widely used be used in a real operative environment. In 
comparison in this study, collecting pre and post operative questionnaires, Cortisol and 
attaching/removing the HR monitor took less than ten mins in total making this multi-
modal methodology highly practical as a tool that can be used in a busy surgical 
setting. 
Regarding my second aim, I found that 23 out of 54 cases were stressful. This is in 
line with previous work by our group stating that operative surgery is subject to a 
number of stressors and that stress is much more prevalent than surgeons 
acknowledge it to be(Arora et al., 2008b, Wetzel et al., 2006b). Specifically, in 
accordance with previous studies, I also found that laparoscopic surgery was more 
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stressful than open and being the primary surgeon more stressful than assisting' I also 
found that there was a greater degree of stress for consultants than trainees. An 
explanation of the latter two of these findings could be that the primary surgeon is 
more stressed because of the increased responsibility for the case and the consultants 
because they tend to perform the more difficult and consequently more stressful 
procedures. Other studies have found that consultants are less stressed because they 
have developed better coping strategies. I did not find this but perhaps this is because 
I did not examine coping and the cases I observed were inherently more difficult than 
those in previous studies. Of course these findings are limited by the fact that there 
was a widespread variety in the cases observed i.e. the trainees and consultants did not 
perform the same type of case, the laparoscopic and open procedures were on 
different types of cases etc. However this is very much a limitation of observational 
research in terms of caseload unpredictability. 
Objective markers of stress capture its effects on the cardiovascular and neuro-
endocrine systems. I demonstrated this effect of stress with a rise in HR in 39 /46 of 
our cases and a rise of Cortisol in 37 /46 of our cases. This is in accordance with 
numerous previous studies which have shown that these markers are altered by degree 
of stress experienced (Becker et al., 1983, Payne and Rick, 1986a). An explanation of 
why Cortisol levels did not rise for all our stressful cases was that for those cases 
where it failed to rise, I noted that the pre operative Cortisol was taken at the natural 
diurnal physiological peak or was taken immediately after the subject had coffee. In 
these cases the raised pre operative Cortisol gave very little space for an effect to be 
demonstrated. Another outlying finding was that in 3 cases objective stress (elevated 
HR and Cortisol) was not matched by an elevated STAI. This highlights the 
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importance of using a multi modal strategy to incorporate both subjective and 
objective reporting as subjects may not accurately perceive themselves to be stressed 
(or may even deny) when all else suggests that they are. This finding of failure to 
acknowledge stress is well reported in the literature (Wetzel et al., 2006b, Arora et al., 
2008b^ 
The use of a multi method strategy to measure stress in surgery has not been 
previously used. Studies using objective measures have not compared them to the 
subjective perception of stress questioning the validity of these external measures in 
picking up mental stress per se(Becker et al., 1983). By cross validating our measures 
against each other, I have overcome this problem demonstrating that in 70% of cases 
the raised STAI is mirrored by an increase in both objective parameters. This would 
suggest that the rise in HR and Cortisol found is likely to be due to subject's mental 
stress and unlikely to be due to for example physical demands of the surgery. This 
study was further enhanced by the fact that I ensured that the baseline measure I used 
(STAI) to compare the objective measures was tested to ensure reliability. This is the 
first study to use STAI in surgery, which although widely accepted in the psychology 
literature has not been validated for use in surgery. The sensitivity and specificity 
analyses demonstrated that HR is more sensitive (91%) and Cortisol more specific 
(91%) to picking up mental stress. Using the two external measures together with 
STAI is thus the recommended method for measuring stress in the OR. 
Regarding the secondary aims of this study, I identified a total of 323 factors acting as 
potential stressors across 55 cases, with the total frequency of stressors per case 
ranging from 1 to 23. This confirms the array of stressors that surgeons face in the OR 
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(Arora et al , 2009c, Wetzel et al , 2006b) but in addition quantifies the high 
incidence of these stressors and their relative frequencies. As highlighted in previous 
studies (Sevdalis et al., 2008b, Sevdalis et al., 2007) the most frequent stressor 
observed were distractions/interruptions. The current study gives a picture of how 
commonly patient related problems and technical stressors actually occur, 
highlighting the need for rigorous training. Previous research has concentrated on 
individual factors that could compromise safety (Lingard et al., 2006, Undre et al., 
2006). This study expands that focus, by analysing multiple stressors within the 
operative environment and exploring their impact on surgeons. Self-reported stress 
scores confirmed that at times surgeons experience extremely high levels of stress 
within the OR. This contrasts with a widely held cultural reluctance within the 
surgical community to acknowledge stress. This study also demonstrates that different 
factors trigger varying levels of stress - with technical factors being the most 
stressful. Examination of high-frequency/low-severity stressors, and low-
frequency/high-severity stressors indicates that stress experienced is not only a 
function of the number of factors present but also a function of the severity of the 
factor in eliciting stress(SevdaUs et al., 2008b). 
There were several limitations to this study. Firstly, the observational nature of the 
cases made it difficult to accurately compare stressful with non stressful cases. Ideally 
I would have had the same type of case e.g. appendicectomy repeated throughout so I 
could determine the effects of other factors such as experience or role of surgeon on 
stress. However this is a limitation of this type of research and not of our study per se. 
Another limitation related to real OR work is that unlike simulation, where one can 
tightly control what goes on, ORs are unpredictable - I had no control over how 
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difficult the cases would be. Furthermore, in relation to for example, Cortisol 
measurements I could not ask surgeons to avoid certain activities (e.g. drinking 
caffeinated drinks or running down the stairs) immediately prior to OR therefore 
preventing their Cortisol to be very high to begin with it. However carefiil recording of 
these activities did allow us take into account their effect on the data and explain why 
for example, the Cortisol may not have risen when STAI and HR did (the reason being 
it was already artificially high to begin with). 
Another point is that I only used a short 6 point scale (STAI) to investigate surgeons 
self reported stress. However, I did ensure reliability of this measure, overcoming 
some of the associated problems. I did not also look at pre existing coping strategies 
or the influence they may have had on stress perceived. I did however, find positive 
correlations between all the measures pre-op and post op suggesting that subjects who 
were more stressed at the beginning of the procedure were likely to be more stressed 
at the end. A further limitation is that although I rigorously measured stress, I did not 
examine surgical performance. Thus I carmot state how stress actually affected 
performance. This however was not the aim of this study. In order to examine the 
effects of stress on performance, a valid, reliable, practical methodology must be in 
place to measure both performance and stress. This has now been developed. A final 
limitation was that there were some cases where there was not time to complete all 
measures (e.g. surgeon needed to scrub immediately on arrival to OR or needed to 
leave OR to attend to other commitments immediately after a case). In these cases, I 
respected the clinical priority and collected data only where possible. As a result I 
only had a full set of data for 46 out of our 54 cases thus leaving out 8 incomplete 
data sets out of our analysis. However, I strongly feel that this non intrusive nature of 
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our method and the prioritisation of patient care is a non-negotiable in terms of any 
research study in the operative environment. 
With these limitations in mind, this study has implications for both surgical training 
and patient safety. I demonstrated that 23/54 cases were stressful highlighting that 
stress in surgery is very much a real problem that is much more common than 
surgeons would like to admit. Measuring stress systematically is the first step to 
raising awareness of it and is the comer stone for stress management programmes 
aiming to reduce its negative consequences. 
4.7 Conclusions 
With this tool, I now have the basis of an assessment from which to develop a training 
intervention. Importantly, any such intervention must be responsive to the needs of 
the end users. Although I have established thus far what the key stressors within the 
literature actually are, it is vital to determine if this is reflected in actual surgical 
practice and in the experiences of the clinicians I shall target for my training. 
Furthermore it is essential that I determine what these clinicians would want from a 
stress training programme. Only by understanding this in depth, can I truly create an 
intervention that is both appropriate and acceptable to the surgical community. The 
next chapter discusses this endeavour through the form of an interview study. 
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ELICITING SURGEONS' REQUIREMENTS FROM 
A STRESS TRAINING INTERVENTION 
5.1 Chapter Overview 
This chapter explores the perceived need for structured stress training and proposes an 
intervention to reduce stress that may be acceptable and appropriate to surgeons. An 
introduction to the use of qualitative research in surgery is given. A methodology 
section detailing the interview protocol is presented followed by results identifying 
perceived stressors in the OR, coping strategies, and surgeons' views about a training 
intervention. 
5.2 Introduction 
If one is to produce an intervention that will teach surgeons how to manage the 
deleterious effects of stress, then it stands to reason that any such product must be 
acceptable, owned and acknowledged by the Surgical Community. The first step 
therefore is to determine what surgeons would like this intervention to contain, what 
its key components should be and how it could be most useful to them in their daily 
practice. 
This interview study sets out to explore the key coping strategies used by surgeons in 
stressful situations and their requirements from an intervention to enhance their 
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performance in such cases. It aims to inform the design of an intervention, to whom 
it should be targeted and any potential limitations. In this way it ensures that the 
intervention is rooted in real life and responsive to the needs of the surgeons that it 
aims to help. 
5.2.1 Qualitative Research in Surgery 
Most research in surgery typically follows a quantitative approach. For this study 
however, I chose to utilise qualitative methodology as it allows the detailed 
exploration of a particular topic in greater depth. Stress in particular is a very sensitive 
topic and something that is experienced very differently by different individuals. To 
obtain a richer understanding of this, I chose qualitative methods so that I could spend 
time with the surgeons in order to elicit their true feelings. 
Qualitative research methods have traditionally evolved from the domains of Social 
Science and anthropology. Qualitative research is concerned with using words rather 
than numbers, helping to develop and explain concepts or "social phenomena" in their 
natural (rather than experimental) settings. Rather than focussing on 'How many?' 
this type of research seeks to answer the questions pertaining to 'Why?' and 'How?' 
In this way, qualitative research methods can aid the a real understanding of complex 
social phenomena by helping us get to grips with the core values and beliefs that 
underlie behaviours (Park et al , 2007). This type of research usually involves 
systematic collection and analysis of data derived from interviews or observations. 
The process itself is inductive rather than deductive i.e. rather than starting with a 
research question or a hypothesis preceding data collection, the researcher does not 
attempt to separate the stages of design, collection, and analysis, but goes backwards 
131 
and forwards between the raw data and the process of conceptualisation so as to 
make sense of the data throughout the period of data collection (Bryman et al 1993). It 
is very different to more quantitative methods of research with which most surgeons 
are familiar but particularly useful for exploring previously unrehearsed topics and for 
defining research questions and hypotheses. It can also be argued that qualitative 
research is a pre-requisite for high quality quantitative work in complex fields of 
investigation (Pope et al., 1995). For example conducting randomised controlled 
trials is of little value without application of their findings. Qualitative research can 
help us to understand why some of these results are never used in practice (Pope and 
Mays, 1995). Translating outcomes into improved patient care is the goal of any 
research - in this way qualitative research can be seen to augment and further 
quantitative methodologies. 
An example of this can be drawn fi-om the literature on screening for cancers. It is 
clear that quantitative research methods have significantly contributed to the success 
of these programmes, providing evidence on the efficacy of screening at detecting 
cancers (Martinez et al., 2006) as well as high sensitivities and specificities of the test 
(Feig, 2006). However, availability of an effective test to detect cancer does not 
necessarily equate to automatic uptake of that test. Qualitative research helps us to 
understand why it is that certain women do not attend breast screening, particularly 
those in ethnic minorities (Gullatte et al., 2006, Basu et al., 2006). Addressing these 
concerns is an important step in overcoming the barriers to making screening 
programmes more acceptable to the wider population. This demonstrates the need and 
usefulness for good quality qualitative research. 
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In this study, designing an intervention without a prerequisite understanding of the 
social processes involved in its uptake or indeed in its components is limited from its 
conception. Any intervention, if successful has to stem from the requirements as 
deemed necessary by the very people to whom it is targeted - the surgeons 
themselves. Qualitative research methodology provides the most effective way of not 
only exploring this under researched field but it helps to provide a deeper 
understanding of how surgeons cope under pressure and what they value in a 
management tool. This is of particular importance in this field because surgeons 
rarely acknowledge that they are stressed, let alone admit that stress affects their 
performance (Wetzel et a l , 2006b). Detailed questioning, the kind that would not be 
possible with a survey, is necessary to get behind the formal statements that surgeons 
may provide on a superficial level and uncover the personal perceptions and coping 
strategies that are invaluable to designing an intervention. 
5.2,2 Developing Rigour in Qualitative Research 
Qualitative research has been criticised, particularly in health sciences, for lacking 
rigour in its methodologies. Concerns about researcher bias, lack of reproducibility 
and generalisability have been expressed (Mays et al., 1995). Rigour can be achieved 
in qualitative research by ensuring a clear and transparent process of study design, 
data collection, analysis and dissemination. In particular it is of vital importance that 
detailed accounts of the assumptions made and methods used are kept with clear 
exposition of the process so that another researcher could follow it to produce a 
similar set of results. This is addressed in the methodology section below. 
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With regards to sampUng, quantitative research focuses upon statistical sampling so 
as to ensure results are generalizable. This type of probability sampling is however 
not suited to and often not necessary for qualitative work. The objective here is to 
understand a process as determined by those affected by it, not obtain a sample 
representative of a more general population. In order to identify specific groups of 
people relevant to what is being studied, 'purposive sampling' is often employed 
(Mays and Pope, 1995) In this study, I used a purposive sampling technique to 
identify groups of surgeons from differing specialities and stages of their career, to 
ensure that any intervention was applicable to all grades of surgeons. 
Reliability of results can be ensured by meticulously recording interviews and clearly 
documenting the analytical approach. Keeping detailed transcripts allows for more 
than one researcher to code the data, with agreement between the raters compared to 
allow for triangulation of findings, ensuring validity of conclusions drawn. 
Mays and Pope (1995)(Pope and Mays, 1995) describe a checklist for assessing a 
piece of qualitative research which proposes a number of issues that should be 
addressed. This includes a clear account of the methods used in every stage of the 
study with detailed description of context, sampling strategy and fieldwork process. 
They also suggest that data analysis should be clearly described and repeated by more 
than one researcher to ensure reliability. These issues are addressed in the 
methodology section below. 
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5.3 Aims 
The aims of this study are: 
I. To determine what key stressors impact on operating surgeons, and what 
coping strategies they use 
11. To explore whether surgeons feel that a formalised approached to managing 
intra-operative stress is required and what would be its characteristics. The 
goal is to provide a framework upon which any future intervention design can 
be based upon - one that is both acceptable and appropriate to the needs of the 
surgical community. 
5.4 Methods 
I used a qualitative, interview-based approach, to achieve an in-depth understanding 
of the key issues surrounding surgical stressors, their effects, and how most 
effectively to mitigate them. The interview protocol is provided in the appendix. 
Surgeons' views on the following topics were explored: 
• Acknowledgement of stress in the surgical community 
• Potential stressors in the OR 
• Impact of stress on surgical performance (technical and non-technical) 
• Strategies used to minimise or manage intra-operative stress 
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• Potential inclusion of stress management training in the surgical curriculum 
• User requirements for stress training interventions 
Semi-structured individual interviews with a purposive sample of surgeons from a 
range of experience levels were carried out by one researcher with a background in 
surgery and psychology (SA). The sample was drawn from surgeons practising in 
London. Participation was voluntary with informed consent obtained. Anonymity was 
ensured throughout the study. Ethics Committee approval for the study was granted. 
An interview protocol was developed and piloted in two initial sessions, then distilled 
into a topic guide. Each interview lasted approximately 30-40 minutes. All interviews 
were audio-taped and transcribed verbatim. Transcripts were cross-checked with the 
original recordings to ensure accuracy. After an initial period of familiarisation, in 
which transcripts were read and re-read to ensure full immersion in the data, the 
primary researcher (SA) analysed all interviews for content to identify emergent 
themes. Each interview was then coded independently by one of five additional 
members of the research team (with backgrounds in surgery, behavioural science, or 
education). Finally, emergent themes from all fifteen interviews were reviewed by 
three researchers to identify key strands. The level of coding agreement between 
researchers was evaluated. 
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5.5 Results 
5.5.1 Participants 
Fifteen surgeons from a range of specialities and levels of experience were recruited 
(five inexperienced trainees/ residents, six experienced trainees/residents and four 
Consultants/Attendings (Table 5.1). Interviews took place between September and 
October 2007 on the hospital site where each surgeon worked. 
Table 5.1 Sample of Interviewed surgeons 
Category Men Women Years in Surgery 
Junior trainee/resident 3 2 1 - 3 
Senior trainee/ resident 5 1 4 -8 
Consultant/Attending 4 0 9-32 
5.5.2 Coding category reliability 
Each table lists the main findings for each key question of the interview protocol (i.e. 
items mentioned), the number of participants that mentioned each item, and the 
importance of that particular finding to the question asked. 
I examined the average number of items each coder (SA vs. other member of the 
research team) identified for each question in the protocol across all interviews. In 
each case the two coders were very close in the number of stressors (7.00 vs. 6.50), 
effects on performance (3.50 vs. 3.60), coping strategies (6.80 vs. 6.90), and training 
interventions (6.30 vs. 5.90) that they identified. I also examined the correlations 
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between the coders (SA vs. other member of the research team) for the number of 
items that each of them identified per interview. High correlations would imply 
similar coding across researchers, therefore adequate reliability of the coding. The 
correlations obtained were high for all four questions: number of stressors: Pearson's 
r = 0.83, N = \5,p < 0.01; effects on performance: r = 0.88, N = 15,p < 0.01; coping 
strategies: r = 0.95, N = 15,p< 0.01; and training interventions: r = 0.92, N = IS,/* < 
0.01. Thus, the background of the researcher (surgery, behavioural science, education) 
did not affect theme extraction from the transcripts. 
In the following sections, data relating to key themes is summarised and supported by 
verbatim quotations. The code letter suffixed to each quotation refers to the surgeon's 
experience level as Junior Trainee (J), Senior Trainee (S) or Consultant (C). 
5.5.3 Acknowledgement of stress 
Fourteen (of 15) participants reported that the surgical community has difficulties in 
acknowledging stress and its potential impact on their performance: "stress is seen as 
weakness and surgeons like to think they can deal with stress in any situation" (SI); 
"Stress is seen as a failing and so they don't want to admit it" (C4). Moreover, 
surgeons felt that stress is an inevitable part of their job: "it's a stressful profession, 
especially as you're looking after patients" (S3), and thus they have to tolerate it. 
5.5.4 Potential stressors in the OR 
The most common stressor reported by all surgeons were technical factors (especially 
bleeding), followed by poor teamwork, patient factors, time and management factors, 
distractions, and equipment problems (Table 5.2). Personal issues were least likely to 
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be a cause of stress. Excluding the technical issues, many of the remaining stressors 
are related to external factors such as teamwork and the operative environment -
indicating that minimising these system-based external stressors could be a potentially 
fruitfiil approach. 
5.5.5 Impact of stress on performance 
The surgeons acknowledged that stress may affect the quality of their performance, 
"People under stress want to get a lot of things done in a short space of time and do 
not follow protocols.. .consequently the chances of getting things wrong are a lot 
higher" (C3) (Table 5.3). Not surprisingly, most interviewees were reluctant to talk 
about their personal experience of stress when asked directly often brushing it off as 
something that was not a problem to them; "I've leamt to deal with pretty much 
everything so very little stresses me..." (C4). However, when asked if they had ever 
seen someone else stressed, surgeons were more forthcoming in their responses. Eight 
of the 15 surgeons said that a small amount of stress is beneficial in that it aids 
concentration and focuses attention. Beyond that initial amount, stress is thought to 
negatively affect performance, both technical ('you tend to make silly mistakes' (S5)), 
and cognitive. Surgeons suggested that their judgement and decision-making are 
particularly vulnerable to stress, "You lose focus. I can't think straight and usually the 
stressful moments are a time when you need to be thinking quickly and clearly" (S6). 
Other non-technical aspects of performance, such as team working, were thought to 
be affected as well: 'I've seen when surgeons are stressed, they start blaming other 
people. Teamv/ork breaks down. Cohesion breaks down...panic ensues...' (S13). This 
is potentially serious, as communication breakdowns may compromise patient safety. 
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Table 5.2 Causes of Intra-operative stress 
Stressor No of surgeons who 
mentioned this (n=15) 
Incidence of 
stressors 
Technical factors 
• Bleeding 
• Unexpected anatomy 
• Procedure not going to plan 
12 Most common 
Patient Factors 
• High stakes/ responsibility 
• Complications 
Team Factors 
• Inexperienced team 
• Lack of support 
• Unfamiliar team 
13 
Time & Management Factors 
• Pressure to finish list 
• List delays/ cancellations 
• Fatigue 
10 
Distractions 
• Interruptions 
• Noise/radio 
• Multiple demands 
Lack of experience 
• Unfamiliar with procedure 
Equipment problems 
• unfamiliar with equipment 
• Missing/ failed equipment 
Personal problems 
• Having a bad day 
Least common 
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Table 5.3 Effect of stress on performance 
Performance affected No of surgeons who Impact of 
mentioned this (n=l 5) stress on 
performance 
Technical performance 
• More likely to make mistake 
• Loss of dexterity 
• Change of pace - slower/rush 
10 Most cc »mmon 
Cognitive performance 
• Impaired judgment & decision 
making 
• Loss of concentration 
10 
Communication & Teamwork 
• Ineffective use of assistant 
• Communication breakdown 
• Safety checks breakdown 
8 
Personal effects 2 Least 
common 
5.5.6 Coping strategies 
None of the participants had received exphcit training on deahng with stress. 
However, they reported having developed their own individual coping strategies 
(Table 5.4). The most common is a type of "cognitive self-control", embracing a 
variety of mechanisms to ensure regaining self-composure before addressing and 
leading others through the stressful situation. Key elements included stopping what 
they were doing, standing back, and re-assessing the situation. This type of self-
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regulation was thought to, "prevent a further cascade of errors that could lead to an 
adverse event" (SI3). 
Most surgeons (10/15) also use some form of pre-operative planning to try and reduce 
the potential stressors: "if you're not prepared before you're going to run, you're 
guaranteed to run into troubles during the operation" (S6). This includes mental 
rehearsal: "I sort of play the operation each step backwards and forwards in my 
mind"(S6); contingency planning: "before you start, get one or two things ready in 
case serious things go wrong.. .then you have a get out clause, to help you out of 
trouble" (S7); and practising crisis scenarios beforehand so that "you have a game 
plan to deal with those scenarios" (CI2). Team working and adequate communication 
within the OR team is a third strategy identified: "create a rapport with OR staff at all 
levels" (SI 3); "if you're out of your comfort zone; communicate this to others" (S7). 
This enabled surgeons "to find people around you within the team who know how to 
deal with this" (C14). 
Finally, senior surgeons highlighted the importance of minimising distractions when 
dealing with a stressful situation: ".. .all unnecessary things to stop immediately, 
everyone in OR to be quiet and listen .. .one person to speak at a time" (C8). More 
junior participants mentioned the importance of seeking help when limitations are 
reached: "if something goes wrong, get more senior people to come into an OR to 
give an extra hand, or advice, or assistance..." (S7). 
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Table 5.4 Coping strategies employed by surgeons 
Coping methods No of surgeons who 
mentioned this 
Incidence of 
coping 
strategies 
Intra -operative cognitive strategies 
• Stop, step back, deep breath 
• Go back a step in procedure 
• Self talk 
• Recall how senior dealt with it 
• Remain objective 
• Verbalise if limitation reached 
13 Most common 
Pre-operative planning & preparation 
• Mental rehearsal of operation 
• Briefing with team 
• Contingency planning if problems 
• Checking behaviours (patient, list) 
Intra -operative teamwork 
• Call for help fi-om seniors 
• Speak directly to scrub nurse (there 
is a problem, concentrate 
• Reassure & supervise juniors 
Intra-operative behavioural strategies 
• Minimise distractions 
• Order more equipment/ personnel 
• Damage control 
Least common 
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5.5.7 Would institutional training help? 
Regarding stress-management training, all surgeons said that this had never been 
explicitly taught or discussed in their training to date and did not appear in any 
curriculum. Although most participants acknowledged that admitting to stress is 
currently a problem in the surgical community, they would welcome formally offered 
training. Such training is important, as it impacts on patient safety: "it's a patient's life 
you're playing with and if stress can have a deleterious effect on patient outcome, as 
the responsible health professional, you have a duty to make sure you know how to 
deal with your own stress" (S6). Stress also impacts negatively on training: "if you are 
a stressful surgeon, you're not going to be a good teacher at all, that's for sure" (S2). 
5.5.8 What should an intervention consist of? 
There was a widely-shared view that training should first allow a surgeon to 
experience stress and assess his/her performance, followed by a training intervention, 
followed, finally, by a post-intervention assessment. Interestingly, surgeons suggested 
avoiding usage of the term "stress" because of the negative connotations surrounding 
the term in the surgical community. 
Regarding the content of such an intervention, participants mentioned the provision of 
factual information about stress, cognitive training, team training, and individualised 
feedback (Table 5.5). In order for such an intervention to have face validity, a pre-
post intervention approach should be followed, with some demonstrable effects on 
performance. Most participants' view was that the training should be targeted at 
Higher Surgical Trainees/ residents. 
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Table 5.5 Components of a stress training intervention 
Components of intervention No of surgeons who 
mentioned this 
(n=15) 
Importance of 
intervention 
components 
Cognitive trammg 
• Raising Awareness of own coping 
method 
• Technique to improve coping 
• Learning from expert 
11 
Most 
Important 
Technical Training 
• Provide experience 
• Use simulation 
• Specific skills i.e. when to call for 
help, control bleeding 
Measuring outcomes 
• Objective marker of stress 
• Effect of stress on performance 
• Performance before and after 
intervention 
Feedback 
• Feedback and debrief after scenario 
• Videos 
• Opportunity for reflection 
Team Training 
• Dealing with difficult colleague 
• briefing 
• Improving communication 
• Managing others and the 
environment when under stress 
Least 
Important 
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5.5.9 Key components of an intervention 
5.5.9.1 Factual information about stress 
Consultant surgeons strongly felt that a convincing case for an intervention should 
first be made. This would also "legitimise" discussion of stress in the surgical 
community, and demonstrate the importance of learning to manage stress effectively 
for patient safety: "talk about it, say its acceptable to be stressed... get rid of the 
bravado of the surgeon, surely that's the first step..." (C4). 
5.5.9.2 Cognitive training 
For less experienced participants, a primary problem was that their seniors were not 
aware of the effect that their (the seniors') stress was having on those around: "one 
stressed consultant can lead to 15 stressed operating staff (JIO). Any training 
intervention should thus aim to firstly 'mirror back' to surgeons how poor stress 
management can compromise their own as well as their team's performance. Such 
cognitive training should teach a surgeon to remain calm and focussed in a stressful 
scenario: "teach techniques for of how to move on from stressful situations, not to 
keep thinking about it and then let that affect the next thing you do." (J11). Surgeons 
would welcome an opportunity to practice such techniques in a simulated 
environment, because "practice makes perfect and the time to practise is not on live 
patients" (S6). 
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5.5.9.3 Technical training 
Experiencing stress first-hand was mentioned by almost all participants as an 
invaluable first step in learning how to manage it. Importantly, participants felt that it 
is neither ethical nor safe to do this in the operating room on real patients. Surgical 
simulators were described as an available alternative, which allows the practice of 
specific skills in a safe, and controlled manner: "have scenarios, put surgeons into 
mock environments with stressful situations, and see how they deal with it.. .measure 
their stress and assess their surgical ability objectively.. .see how they relate" (SI). 
Surgeons felt that the profession should learn from other safety-critical industries: "I 
should look towards aviation; people learn crisis management on simulators then fly a 
plane perfectly well. Why can't I do that in surgery?"(S6). 
5.5.9.4 Team training 
Managing the team effectively in moments of crisis was described as a worrying 
issue. Managing one's own stress is not enough if the surgeon is unable to lead the 
rest of the team in remaining calm and effective - and currently surgical training 
overlooks this issue: "provide experience for working with a team in crisis. ..if you 
liaven't seen it before, you won't know what to do and how to lead the team when you 
are at consultant level" (S5). 
5.5.9.5 Feedback 
/Almost all participants asked for individual feedback in the training. In the context of 
simulation, this could take the form of a post-simulation debriefing, or watching 
oneself on video to see objective evidence of performance for example, "I'd show 
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them a recording of how they did so they can actually see for themselves how they 
coped. I'd then show them a video of how an expert did. It'd be obvious where the 
differences lie and they could leam from that" (C4); "a surgeon himself has to realise 
his own behaviour and almost to witness it from an outside perspective.. .I'm sure 
they'd be quite shocked" (S13). Structured self-reflection post-training on what went 
well and what could be improved was also suggested. 
5.6 Discussion 
The aims of the present study were 1) to systematically explore surgeons' views of 
surgical stressors and 2) to delineate surgeons' requirements for a stress-training 
intervention. This study highlights a paradox - the surgical community refuses to 
overtly recognise that surgery is a stressful profession, yet individual surgeons 
privately acknowledge that this is indeed the case and that structured stress training 
would be of great benefit. 
A sense of isolation emerges from these interviews. Junior and senior surgeons feel 
that they are left on their own, the former to "somehow" leam to manage each 
challenging situation, the latter to lead operating room teams out of unexpected crises 
and train their juniors to do the same. As a result of this absence of systematic 
support, surgeons devise their own strategies as individuals, with enormous variation 
and minimal feedback regarding efficacy. This state of affairs seems highly 
undesirable. 
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The stressors identified in this study echo the findings of previous work by our 
group(Wetzel et al., 2006b), increasing our confidence in the robustness of our 
findings. Significantly, surgeons in this study recognised the contribution of the other 
members of the team, both as targets of an over-stressed surgeon's behaviour and as a 
crucial resource for navigating effectively through a crisis. 
Importantly for our purposes, surgeons did have a clear view about how best to 
approach a stress-management intervention. In particular, there was a strong view that 
simulation offered great potential. In particular our participants believed that 
simulation-based stress-management training would be of value, especially if aimed at 
the right level (midway through higher surgical training). Key content areas included 
planning and preparation, cognitive training, team training, an opportunity to 
experience stress and try out coping skills in safe and controlled environment, and 
individual feedback. An additional effect of training would be to legitimise stress as a 
topic for open discussion, acknowledging that everyone will inevitably face stressful 
situations sooner or later in their career. Instead of pretending that stress does not 
exist, surgeons ask for it to be recognised and addressed by a targeted, evidence-based 
programme. 
These conclusions should be evaluated against the limitations of the study. I 
interviewed a small sample of surgeons, and their views may not reflect those of the 
surgical community as a whole. Our interviews explored surgeons' own perceptions 
of how they responded to stress, yet there is evidence that people's insight into their 
own performance may be poor. The interviews required surgeons to make immediate 
suggestions about stress management, rather than inviting a considered response after 
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reflection. However, the fact that I reached saturation of emergent themes in all our 
enquiry areas gives us confidence that I captured key points. 
Surgeons' insight into their own performance remains to be tested empirically. In 
previous work, I found that surgeons were reasonably accurate in judging their own 
technical and non-technical performance during crisis simulation. I anticipate that a 
simulation-based intervention will shed light on surgeons' ability to calibrate their 
own behaviours. 
The present study offers a first step towards establishing what the surgical community 
would accept and find useful in relation to stress training. Simulation-based training 
appears to be a fruitfiil way forward, offering a safe envirormient in which stressors 
can be experienced, coping strategies observed, and effective stress management 
taught, demonstrated and assessed. Crucially, perhaps simulation-based training has 
face validity and resonates with surgeons' everyday experience, a key condition for 
the initial acceptance and long-term success of any training intervention, especially in 
this sensitive domain. 
The findings from this study are an important step in defining the content of a stress 
management intervention for surgeons. Before doing so, it is necessary to consider the 
types of interventions available for reducing stress in the literature - particularly those 
that also enhance performance. This is explored in detail in the next chapter before 
choosing one particular approach to stress management in surgery. 
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TOWARDS AN INTERVENTION TO REDUCE 
STRESS IN SURGEONS- AN INTRODUCTION TO 
MENTAL PRACTICE 
6.1 Chapter overview 
Thus far, I have seen that stress impairs surgical performance and can be accurately 
measured using IS AT. Surgeons themselves have highlighted the detrimental effects 
of stress and their requirements from a training intervention to reduce it. This chapter 
firstly explores the broad types of stress management interventions, specifically 
describing the use of stress inoculation training. Available strategies to reduce stress 
in surgeons are then outlined before focusing upon the potential of Mental Practice as 
a specific strategy to reduce stress and enhance performance. 
6.2 Stress management interventions 
6.2.1 Primary stress management strategies 
Stress intervention strategies can be broadly classified as being primary or secondary 
in nature(Lazarus, 1999). The aim of primary prevention interventions is to reduce the 
risk factors 
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or to change the nature of the job stressors so as to minimise demands upon the 
individuals(Lazarus, 1999). Although job redesign and organizational change 
represent preferred approaches to controlling stress because they focus on reducing or 
eliminating the sources of the problem in the work environment, they may not always 
be practical. In general they require a substantive effort by an entire organization to 
change and this can be both expensive and disruptive. Typically organizations resist 
change, and this resistance is reinforced by the belief among some that the work 
environment does not materially contribute to stress. This is especially the case in 
surgery. My interview study (chapter 5) akeady highlighted that the surgical 
community finds it hard to acknowledge stress - which would be the first step to 
changing the environment. Furthermore, even if it was acknowledged, there are 
certain demands in surgery which cannot be reduced. For example patients will 
always be critically ill, there is the unpredictable element of being on call and 
operating is always done under time pressure(Arora S et al., 2009, Sevdalis et al., 
2008c). Thus primary prevention, although ideal is not a feasible as a sole method for 
stress reduction in surgeons. For this reason, it will not be considered in fiirther great 
detail. 
6.2.2 Secondary stress management strategies 
Secondary prevention interventions are potentially more useful as they alter the ways 
individuals respond to risks or stress. Stress management interventions in this domain 
generally involve efforts to help individuals either modify or control their appraisal of 
stressful situations. Since the mid- 1970s, a growing number of studies have evaluated 
the merits of such prescriptive, individual-oriented, relaxation-based, stress 
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management strategies in work settings (Murphy et al., 1988). These methods have 
included muscle relaxation, self regulation, mental imagery, meditation, biofeedback, 
and exposure to performance situations(Murphy and Sorenson, 1988). These 
strategies have often been employed successfully in other high performance industries 
such as sport. For example, the effects of relaxation training include the reduction of 
distractive thoughts and enhanced concentration in sportsmen (Kellmann et al., 2000). 
Self-regulation through self talk is another example of a secondary prevention 
strategy. Self-talk strategies are also commonly used by athletes to influence 
performance. Such self-talk allows the structuring of thoughts and actions and has 
been shown to have beneficial effects on stress and performance(Kerr et al., 1993). It 
also has a motivational function as it influences confidence, feelings of control and 
arousal (Eperspacher, 2001). 
Cognitive behavioural interventions have also been widely used to reduce stress and 
anxiety in clinical settings. These typically include elements of relaxation, cognitive 
rself-regulation and cognitive reframing as well as exposure to the stressful situation. 
Although particularly effective in clinical psychological interventions(Meyers et al., 
i 996), evidence for whether they enhance performance is lacking. This is particularly 
important in surgery because according to our interview findings, surgeons would 
particularly value a stress management intervention if it was seen to have a beneficial 
effect upon their performance. 
Imagery is an example of a cognitive technique using conscious visualisation of 
professional tasks that does enhance performance (Driskell et al., 1994). 
Requirements for successful imagery include a relaxed state, previous experience of 
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executing a movement, and the ability to visualise one's own perspective(Driskell et 
al, 1994). Various approaches to mental rehearsal training in sport include cognitive 
specific imagery (visualisation of performing specific tasks) and cognitive general 
imagery (visualisation of performing more complex strategic actions). Importantly 
motivational aspects can be included for example the mastery of a challenging 
situation within the imagery. Such imagery has been shown to have a positive effect 
on stress and performance in a number of studies (Driskell et al., 1994). More detail 
on this will be provided later in this chapter. 
Other behavioural interventions such as CRM training typically focus upon 
improving teamwork and communication. They have been used in the aviation 
industry and more recently been adapted for use in anaesthesia (Holzman et al., 
1995a, Gaba, 1992) and surgery (Yule et al., 2006a, Flin and Patey, 2009, Moorthy et 
al., 2006b).These programmes typically include a whole host of elements geared 
towards improving surgeons' non-technical skills and performance. However, explicit 
strategies of coping with stress are not explicitly considered and the function of these 
trainings in improving stress management has not been highlighted. 
Stress inoculation training (SIT) is a multifaceted form of cognitive-behavioural 
Therapy designed to impart skills to enhance resistance to stress. By training effective 
coping skills before stress exposure, the objective of SIT is to prepare the individual 
to respond more favourably to negative stress events (Meichenbaum, 1993). Broadly 
speaking, SIT consists of three interlocking and overlapping phases. In the initial 
conceptual education phase of SIT, a collaborative working relationship is established 
between the individual and the trainer. The second phase of SIT focuses on helping 
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individuals acquire coping skills and on consolidation of those coping skills that they 
already possess, and on removing systemic barriers that may exist. These skills are 
then practised using techniques such as imagery and behavioural rehearsal, modelling 
and role playing. In the third and final phase, individuals experience these stressors in 
a graded exposure setting allowing them to apply the coping skills learnt in a real-life 
situation (Meichenbaum, 1993). 
Theoretically, SIT adopts a transactional view of stress and coping as postulated by 
Lazarus and Folkman (see chapter 1). Their model proposes that stress occurs 
whenever the perceived demands of a situation tax or exceed the perceived resources 
to meet those demands(Lazarus, 2000). By increasing the individual's coping 
repertoire, as well as their confidence in being able to apply their coping skills in a 
manner which meets their appraised demands of the stressful situation, SIT can be 
highly effective in reducing stress (Meichenbaum, 1993). A comprehensive meta-
analysis provides strong support for stress inoculation training as a stress training 
intervention(Saunders et al., 1996) that exerts a positive effect on enhancing 
performance comparable to or stronger than these other Ill-established training 
!nterventions(Saunders et al., 1996). Stress inoculation training therefore holds much 
promise as a stress training intervention for surgeons particularly because its 
beneficial effects can also generalize to novel stress conditions and novel tasks, which 
IS crucial for any applied area such as surgery in which the conditions of real-life 
environments are dynamic and unpredictable. Specific examples of stress 
management interventions for clinicians in general and surgeons in particular are now 
considered. 
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6.3 Stress training for surgeons 
There are numerous examples of stress interventions for health care professionals that 
aim to reduce general life stress and work related stress (Cohen et al., 2005, Shapiro et 
al., 2000) For example a comprehensive literature review noted that stress 
management training for medical students and junior doctors increased their 
knowledge about stress, encouraged a greater use of coping strategies, increased 
immunological functioning and decreased depression and anxiety (Shapiro et al., 
2000). However the focus of this review, as is the case with much of the other stress 
literature in medicine, was upon chronic stress. Most of the stress management 
interventions for clinicians that have been developed concentrate upon the 
enhancement of physical and mental health - little work actually focuses upon acute 
stress in surgeons. 
Although formal interventions targeted at acute stress within surgeons have not been 
developed, potential methods for reducing stress in surgeons have been considered in 
a recent PhD Thesis carried out within my research group(Wetzel, 2008). 
Within this thesis, studies were conducted to investigate the strategies of biofeedback, 
autogenic training and guided imagery. Regarding biofeedback, the wireless Polar 
heart rate monitor was used for heart rate assessment and served as a biofeedback 
tool, using the numbers on the display of the wrist unit. The wrist unit was held by the 
participants enabling them to watch the numbers as biofeedback. Using this method, 
Wetzel found that all participants were able to reduce their heart rates during the 
biofeedback exercise. However, perceived stress levels only decreased by one point 
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on an 18-point scale. Qualitative feedback from surgeons confirmed the low 
acceptability of the biofeedback method. All participants found it unusual to use the 
heart rate monitor for relaxation. They perceived watching the numbers on a display 
as rather unhelpful and contradictory to relaxation. The surgeons mentioned that they 
would prefer different ways of relaxing and suggested relaxation without biofeedback 
technology. 
Following this autogenic training was chosen as an alternative relaxation technique to 
be tested(Steptoe et al., 1989)in another study by Wetzel. Findings from this 
demonstrated that perceived stress and heart rate were reduced by applying the 
autogenic training exercise. The participants found the autogenic training exercise 
more helpful to relax as they perceived none of the previous pressures related to the 
heart rate feedback. However the relaxation techniques required over 40 mins and 
considerable practice. As such they may not be practical to implement in a busy 
surgical setting. In the final part of Wetzel's exploration of stress management 
strategies, the concept of guided imagery was tested. Here surgeons were instructed 
to think of a happy and stress-free experience such as their favourite place and were 
asked to visualise themselves there. Findings from this suggested that all participants 
reported they were able to perform the imagery exercise and perceived it as a pleasant 
and relaxing experience. Physiological and perceived stress levels were also slightly 
reduced. Importantly, this was the most acceptable relaxation method in comparison 
to the other techniques. From these studies, Wetzel concluded that the principles of 
imagery could be used to reduce stress - especially if they included specific elements 
of task performance(Wetzel, 2008). 
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6.4 A cognitive approach to stress training: Mental Practice 
Building upon Wetzel's findings, a closer inspection of my interview study and the 
results of my systematic review also reveal that expert surgeons seem to have 
developed more internalised coping strategies that have made them less prone to the 
effects of stress (Hassan et al., 2006b, Wetzel et al., 2006b). For example, many of the 
surgeons reported that they use mental visualisation '...before they go into the OR to 
go over the procedure in their mind, anticipate what may go wrong and try to work 
out how to prevent it' (Surgeon 12). An understanding of the strategies used by expert 
surgeons may allow them to be distilled into a manner that can be used to reduce 
stress in novices. An example of such a technique to reduce stress is mental practice 
(Driskell et al., 1994) By providing individuals with exposure to an imagined stimulus 
and allowing them to modify their response by mentally practising coping strategies, 
mental practice (MP) can be seen to be a form of SIT. In fact, a meta-analysis on SIT 
demonstrated that it was significantly more effective when it incorporated imagery 
practice(Saunders et al., 1996). Taken together with findings from my interview study 
on the extensive use of cognitive preparation strategies and Wetzel's work on the 
acceptability of imagery techniques to surgeons, it seems reasonable to further explore 
s he potential of MP as a strategy for reducing stress. Importantly, interviewed 
jiirgeons also explicitly stated that for a stress management intervention to be more 
acceptable to the surgical community, it should have a beneficial effect on their 
performance. This should be borne in mind in considering MP as a stress-training 
approach and will be discussed below. 
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6.5 Mental Practice 
6.5.1 Definition 
Mental practice can be defined as, 'the cognitive rehearsal of a task in the absence of 
overt physical movement' where the systematic use of mental imagery is employed to 
rehearse an action or skill symbolically prior to the actual performance (Driskell et al., 
1994). For example, when an athlete prepares for an event by visualising the steps 
required to perform a task, he is engaging in MP. It has also been called 'symbolic 
rehearsal', 'mental rehearsal', 'mental training', 'imaginary practice' and 'cognitive 
practice'. 
6.5.2 Effects of Mental Practice on performance 
Over a century of research has been conducted on MP leading to several reviews in 
this field(Richardson, 1967), (Feltz et al., 1983), (Driskell et al., 1994) (Weinberg, 
2008). Importantly, for a stress management intervention to be acceptable to surgeons, 
it must confer an effect upon their motor skills. Fortunately, the efficacy of MP in 
enhancing performance has been demonstrated in other highly motor skilled 
industries such as sport and music(Driskell et al., 1994). For example, mentally 
visualising oneself running a race and crossing the finishing line is technique 
commonly used by sport psychologists to prepare elite athletes for a race(Weinberg, 
2008). An extensive body of research has shown that MP prior to the actual task is 
helpful for the learning of motor skills(Driskell et al., 1994) with a comprehensive 
review by Driskell at al (Driskell et al., 1994) concluding that MP has a 'positive and 
significant effect on performance'. Importantly for our purposes, MP is deemed to be 
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a skill that can be taught, learnt and improved with practice. Before I further consider 
MP as a tool for reducing stress, it is important to try to understand its theoretical 
foundations which could help explain its effects. 
6.5.3 Theories of Mental Practice 
Although many theories have been proposed to explain the effects of MP, the precise 
mechanisms remain unclear. Nevertheless, four main conceptual approaches have 
been postulated to explain its effects. 
First of all the 'neuromuscular' model{^a.cdb&on, 1932) proposes that MP effects are 
mediated mainly by faint activity in the peripheral musculature. Therefore, when a 
physical action is imagined, it elicits a pattern of faint muscle movements. This 
minute, subliminal activity actually provides kinaesthetic feedback to the performer 
which enables him to make adjustments to his skills in real life. However empirical 
evidence for neuromuscular theories is lacking(Murphy et al., 2002). 
Second, the cognitive motfe/(Denis, 1985) attributes the positive effects to the fact that 
MP strengthens the central representation or cognitive blueprint stored in the brain of 
the skill being visualised. Although this theory may help explain why visualisation is 
especially suitable for mastering tasks which contain many cognitive elements, it does 
not easily explain why MP enhances motor or strength tasks. It also does not account 
for why MP enhances the performance of expert performers, who presumably already 
possess well-established blueprints for the skills involved. 
A third approach is the bio-informational theory proposed by Lang (1979)(Lang, 
1979). This is composed of three interacting factors - the stimulus, response and 
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meaning. The stimulus refers to the content of the task to be performed, the response 
how a person feels as he responds to the scenario and the meaning being the perceived 
importance to the person of the skill being imagined. For example the stimulus would 
be taking a penalty kick in a football match. The response would be how a player 
feels as approaches the ball. If this is a penalty kick for the world cup final, then the 
perceived importance of this task dramatically rises. 
Fourthly, the Functional equivalence theory proposes that mental imagery shares 
some neural pathways and mechanisms with like-modality perception (Kosslyn et al., 
2001) and also with the production of motor movements(Jeannerod, 2001) This 
overlap of neural representations between imagery, perception and motor execution is 
known broadly as the "functional equivalence" hypothesis (Moran A, 2009). 
According to the functional equivalence hypothesis, imagining an emotional event 
may activate similar autonomic responses to those elicited by actually experiencing 
the imagined event/situation. The functional equivalence hypothesis is supported by 
psychphysiological evidence. To illustrate, neuroscientific studies show that there is a 
great deal of overlap between the neural substrates of physical and imagined 
movement execution. Specifically, motor imagery and movement execution activate 
such neural regions as the premotor cortex, primary motor cortex, basal ganglia and 
cerebellum(Jeannerod, 2001). Importantly, there is evidence to state that not only 
does visualising a stimulus trigger the same signs of emotional arousal as actually 
seeing it(Lang et al., 1993), anything that modifies the imagined response (eg MP), 
also moderates how a person would react in the real life situation. The implications of 
this for stress research are now outlined. 
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6.5.4 Mental Practice and stress 
Clear parallels can be drawn between the bio-informational theory of MP and the 
psycho-physiological theory of stress. As discussed in chapter 2, stress occurs when 
demands outweighs perceived resources to cope. Specifically stress arises when a 
stimulus (demand) is cognitively appraised (meaning) and triggers a response - either 
psychological, physiological or both. If MP works through visualising a stimulus and 
modifying the response to it, then theoretically it should reduce stress by the same 
mechanism. Lang himself proposes that an individual gains more control and hence 
improves performance by modifying responses to given situations using imagery. 
Namely by providing exposure to the contents of the task, subjects can experience 
what it feels like to perform the task in their mind. This can reduce stress through 
providing stress inoculation or by increasing the perceived ability (resources) to cope 
with task demands. In addition, the functional equivalence theory would also help 
explain why MP may reduce stress. If imagery can elicit the same autonomic response 
to a stimulus as actually visualising it, then MP could act as effective stress 
inoculation training by providing repeated mental exposure before the actual event. 
Evidence for the use of MP as a technique to modify stress can be found in the sports 
psychology literature. Studies here have shown that imagery can be used to reduce the 
symptoms of performance anxiety(Vadocz et al., 1997)and that it can help performers 
to change their perceptions of stress from debilitative (or threatening) to 
facihtative(Page et al., 1999). MP also improves cognitive skills and leads to 
measurable physiological changes(Driskell et al., 1994). 
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In many ways, surgical performance is similar to competitive sports performance: 
both require intense concentration and complex fine and gross motor ability and both 
are routinely performed under considerable pressure(Rogers, 2006). Indeed, many 
surgeons anecdotally report using their own intuitive and informal imagery strategies, 
by going over the procedure in their mind before actually operating(Sanders et al., 
2004). It seems promising therefore that MP may be useful for reducing stress and 
enhancing performance in surgeons. However before finalization of this as a strategy, 
it is important to consider the methodological issues that surround the research in this 
domain to ensure it is feasible and practical as an approach. 
6.5.5 Ensuring rigour in MP research: Methodological considerations 
6.5.5.1 Validation issues 
A key issue in this area of research is the assessment of imagery. Specifically as MP 
is something that happens in the subject's head, how can one be sure they are actually 
imagining themselves performing the procedure when they claim to do so? Towards 
this end, there is a significant body of research in devising theoretically based 
procedures to check if subjects are really engaging in MP. The most complex of 
methodologies is to utilise neuro-imaging studies. These have shown that visualizing 
something in the mind's eye usually elicits measurable brain activity in the cortical 
areas(Kosslyn et al., 2001). More generally, however manipulation checks in the form 
of self reports that ask participants about their imagery have been shown to be a 
simple yet effective way forward(Moran A, 2009). 
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6.5.5.2 Type of control 
Typical studies within this research paradigm require subjects to mentally practice a 
task. Common instructions include to sit quietly and try to relax, then to see oneself 
performing the task successfully from start to finish. A control group is usually 
included. Performance is assessed at any given point following MP or control - if the 
performance of MP exceeds that of control subjects then MP is said to have positive 
effects upon performance. However it has been questioned whether improved 
performance attributed to MP is actually the result of increased motivation due to 
receiving some form of treatment versus nothing at all(Richardson, 1967). For 
example, the positive effects of MP maybe due to the increased attention that subjects 
in this group receive relative to a no-practice control group. It is important therefore 
that any study on MP utilises a control group that engages in some form of activity to 
overcome this 'treatment effect'. 
6.5.5.3 Mental Practice scripts 
For MP to be most effective, the subject must be familiar with the task itself before 
the imagery takes place(Rogers, 2006). To increase such familiarity, MP scripts that 
focus on strengthening the imagery representation of the skill in question have been 
developed and are routinely used(Weinberg, 2008). Such scripts typically include 
detailed instructions on how to carry out a task but in addition, contain cues from 
different sensory modalities that enrich the subject's imagery experience and facilitate 
a more accurate mental representation of the skill to be developed, thereby ultimately 
enhancing task performance. Among these prompts are visual cues (i.e., those 
pertaining to 'seeing' oneself performing the procedure), cognitive cues (i.e., those 
164 
that pertain to the task-relevant thoughts that would go through one's mind while 
performing the procedure) and kinaesthetic cues (i.e., those relating to what it 'feels' 
like to execute a particular action). This is important because for mental practice to be 
effective there must be an accurate representation of the task in the mind's eye. 
Mental practice scripts are specifically used by sports psychologists for this 
purpose(Weinberg, 2008). Importantly, the use of such mental practice scripts has 
been widely cited as the key enabler for teaching and improving imagery (and thus 
performance)(Weinberg, 2008). A problem with much of the research on imagery has 
been a lack of adequate description of imagery or MP scripts used in studies. This 
makes it difficult to replicate studies or compare results. It is important that in any MP 
research, a carefully designed and validated script is used. 
6.5.6 Mental practice as an intervention to reduce stress and improve 
performance in surgeons 
In light of the evidence reviewed in the preceding sections, I decided to develop and 
evaluate a MP-based intervention to reduce stress and enhance performance in 
surgeons. This decision is based upon the following rationale; 
• Outside surgery, stress inoculation training is an effective means for reducing 
stress 
• MP is based upon strong theories suggesting it is an effective form of stress 
inoculation training 
• MP reduces stress and enhances performance in other highly skilled industries 
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With regards to stress training in surgeons, guided imagery has been shown 
be the most promising approach 
A Training Needs Analysis of end users revealed a significant focus on pre-
operative planning, preparation and cognitive strategies to manage stress. MP 
encompasses these domains 
MP is economical and freely available 
6.6 Conclusion 
A great deal of research effort has been dedicated to understanding strategies to 
reduce stress. Mental Practice is a promising approach. Findings have generally 
Supported the view that imagery can produce changes in physical performance and 
psychological variables that affect performance in other highly skilled industries. In 
the next chapter, the current research on MP in surgery will be outlined followed by 
the development of a robust approach to systematic research in this area - the MP 
training intervention. 
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7 Development and validation of a mental practice 
training protocol 
7.1 Chapter overview 
This chapter outlines the current evidence to date on mental practice in surgery. The 
development of a suitable MP training protocol for use in surgeons is then presented. 
As the foundation for the effects of MP rests upon the improved imagery it is 
supposed to produce, it is important to firstly demonstrate that any MP based training 
intervention actually does enhance imagery. This would serve as a validation a check 
for the intervention and is a first step to determining whether improved imagery 
reduces stress. The final part of this chapter explains how this validation was 
conducted and highlights its results. 
7.2 Introduction 
Despite the apparent importance of imagery in surgical performance, there is a 
paucity of research evidence in the literature regarding the efficacy of MP in this 
domain. The few existing studies on this topic suffer fi"om serious methodological 
shortcomings that raise questions about the validity of their conclusions. These 
problems stem from inadequate specification of the precise details of the imagery 
instructions given to participants. This is a common methodological problem in this 
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type of research (see previous chapter). To illustrate, in two studies by Sanders et 
al,(Sanders et al., 2004, Sanders et al , 2008) the MP intervention was not described 
precisely but presented as 'guided imagery instruction in making the incision and 
performing a set of surgical sutures.' Unfortunately as no details of the researchers' 
MP protocol were provided, it is not clear if a mental imagery script was used, and if 
so, what it consisted of, what theoretical basis it had, how it was developed and 
whether or not it was validated empirically. These omissions are serious flaws 
because without imagery script details, replication of these studies by other 
researchers is difficult if not impossible. For this reason, MP experts suggest that "it is 
vital for researchers.. .to have adequate descriptions of imagery interventions used by 
past investigators"(Murphy, 1994). Similar methodological problems afflict the study 
by Immenroth et al(Immenroth et al., 2007) on the effects of "mental training" on 
surgical performance. Again, as no details were provided of the imagery script used to 
implement such training, it is not possible to determine unequivocally the vahdity of 
the intervention. A final limitation of the existing evidence base on MP in surgery is 
that it has so far focused solely on trainees. Accordingly, it remains unknown whether 
MP training improves experienced surgeons' imagery, as it has been shown to do so 
with elite athletes(Weinberg, 2008). 
The present study overcomes the preceding methodological limitations through the 
use of a carefully designed imagery script and the administration of a theoretically-
derived questionnaire (or 'manipulation check') assessing participants' perceptions of 
their imagery experiences(Cumming et al., 2007). The development of an explicit 
script which is validated to actually improve imagery is an important first step to 
investigating whether imagery actually enhances performance and reduces stress. 
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7.3 Aims 
The aims of this study were: 
I. To systematically develop a MP script for Laparoscopic Cholecystectomy 
11. To validate this script by empirically evaluating the degree to which it 
improves mental imagery ability in experienced and novice surgeons. 
A Laparoscopic Cholecystectomy (LC) was the procedure of choice because it is a 
common operation that all surgeons are required to be familiar with. By the end of 
their training, all surgeons are required to competently perform this operation. As 
such it is a key index procedure required for progression of training to Consultant 
level. Furthermore, there are several simulators available which have been developed 
and validated for a LC procedure. This was an important consideration that would 
make the next studies feasible. LC was thus chosen for both educational and practical 
reasons. 
7.4 Methods 
A two phase approach was utilised. Phase 1 concerned development of the MP script; 
Phase 2 pertained to its validation. 
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7.4.1 Phase 1: Imagery script development 
7.4.1.1 Participants 
Three experienced surgeons (> 100 LCs performed) were recruited from a teaching 
hospital (mean age = 36 years (range 31-42 years); all male). 
7.4.1.2 Procedure 
Each surgeon was interviewed using a 'cognitive walk-through' for the procedure. 
This is an approach similar to the verbal protocol analysis that is used extensively in 
research on expertise(Ericsson, 2006), except that in this case, the surgeon does not 
actually perform the task while being interviewed. Instead, surgeons were asked to 
recall the steps of a Laparoscopic Cholecystectomy (LC) as they experienced them in 
real time. Specifically, surgeons were instructed to imagine themselves performing a 
LC and to report the visual, cognitive and kinaesthetic cues that they experienced 
throughout. A trained researcher (SA) guided the participants through the imagery 
process, prompting for cues where necessary to ensure obtained imagery was detailed. 
7.4.1.3 Data management and analysis 
-Each interview was audiotaped and transcribed verbatim. The transcript was coded 
independently by myself and another researcher using emergent theme analysis on a 
coding framework(Mays and Pope, 1995) previously developed and iterated amongst 
the research team. The coding framework was based on the key steps of a LC 
(identified via existing hierarchical task analysis) (Joice at al , 1998). At each 
procedural step, the visual, cognitive and kinaesthetic cues that enhanced imagery 
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were identified and counted by each researcher. These counts were submitted to 
inter-coder reliability analysis to ensure consistency of findings (analysed using 
Cronbach's alpha). After each interview had been coded (steps and cues extracted 
from transcript), a 'checking-back' process occurred with each of the three surgeons 
to ensure rigour. Finally, the findings (steps and cues for LC) from all three interviews 
were merged to create a single MP script. The cues were colour coded as an additional 
mnemonic prompt to elicit imagery. 
7.4.2 Phase 2: script validation 
7.4.2.1 Participants 
20 surgeons (10 novice and 10 experienced) were recruited from two teaching 
hospitals using convenience sampling. Demographics are shown in Table 7.1. 
Table 7.1 Participants' demographic information 
Novices Experts 
Experience 
Age (median, range) 
Gender 
Handedness 
< lOLCs 
22 years (21-24) 
Male = 6, Female =4 
Right = 9, Left =1 
> 100 LCs 
42 (32-58) 
Male = 8, Female = 2 
Right =10, Left = 0 
7.4.2.2 Design 
A pre- and post-test, repeated measures design was employed, with each participant 
serving as their own confrol. 
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7.4.2.3 Materials 
For the purposes of the present study, a questionnaire assessing perceived quality of 
mental imagery was used. This Mental Imagery Questionnaire (MIQ) was the key 
outcome measure of the study: it captured the quality and richness of participating 
surgeons' mental imagery experiences pre- and post-MP training. Each item was 
scored on a Likert scale of 1 to 7 with clearly defined anchors (fig 7.1). 
More precisely, with reference to the LC task, the items assessed were mental 
readiness to perform the procedure (Ql), level of confidence in performing it (Q2 and 
Q3), usefulness of the MP training (Q4), the ease with which visual imagery could be 
used to "see" the performance (Q5 and Q6), the ease with which kinaesthetic imagery 
could be used to "feel" the performance (Q7) and finally knowledge of the procedure 
(Q8). The MIQ was based upon a previously validated questionnaire for assessing 
mental imagery in the sports literature (Gumming et al, 2007). It was adapted for the 
purposes of this study in conjunction with a Mental Practice Expert (Moran) who 
ensured all the domains from the previous questionnaire were accurately represented 
whilst 3 other surgical experts ensured that it was specific enough to a LC. 
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1. How ready or 'energised' do you feel to carry out a Laparoscopic Cholecystectomy? 
Not at all ready/ 
energised 
1 2 3 4 5 6 7 
Very ready/ 
energised 
2. How confident do you feel to carry out a Laparoscopic Cholecystectomy? 
Not at all 
confident 
1 2 3 4 5 6 7 Very Confident 
3. How well do you think you can perform a Laparoscopic Cholecystectomy compared 
to others at your stage? 
Not well 
at all 
1 2 3 4 5 6 7 Very 
well 
4, How helpful is the activity you have just been performing in preparing you to 
perform a Laparoscopic Cholecystectomy? 
Nothelpfiil 
at all 1 2 3 4 5 6 7 
Very 
helpfiil 
5. How easily can you 'see' yourself performing a Laparoscopic Cholecystectomy? 
Not easily 
at ail 
1 2 3 4 5 6 7 Very 
easily 
6. How vivid and clear are the images of a Laparoscopic Cholecystectomy in your 
mind? 
Not vivid/clear 
at all 
1 2 3 4 5 6 7 
Very 
vivid/clear 
7. How easily can you'fee l ' yourself performing a Laparoscopic Cholecystectomy? 
Not easily 
at all 
1 2 3 4 5 6 7 
Very 
easily 
8. How easily would you be able to talk someone through the steps of a Laparoscopic 
Cholecystectomy? 
Not easily 
at all 
1 2 3 4 5 6 7 
Very 
easily 
Figure 7.1 The Mental Imagery Questionnaire (MIQ) 
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7.4.2.4 Procedure 
After provision of informed consent and assurance of anonymity, each participant 
underwent MP training using the previously developed MP script in a pre-determined 
protocol (Figure 7.2). Within this protocol, each surgeon completed the MIQ pre and 
post MP training. The MIQ thus acted as a manipulation check on participants' 
imagery experiences. Participants were not aware that they would complete the MIQ 
following the training. 
Brief relaxation exercise 
Introduction to concept of 
mental practice (MP) 
Mental Imagery questionnaire 
(pre-test) 
Mental Imagery questionnaire 
(post-test) 
Familiarization/ learning of MP 
script 
MP of procedure with external 
talk-out loud 
Video of expert performing 
procedure with talk-over using 
MP script 
Figure 7.2 Mental Practice Training Protocol 
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7.4.2.5 Data management and analysis 
All results were entered into SPSS for Windows v. 16.0 (SPSS, Inc., Chicago, IL, 
USA) which was used for data analysis. A reliability analysis (Cronbach's alpha 
coefficient) was conducted to determine the degree of internal consistency of items 
within the questionnaire (which, if acceptable, allows all eight items to be added 
together and treated as a single scale that measures mental imagery). A non-
parametric Wilcoxon test was used to compare novices' and experts' MIQ scores pre-
and post-MP training to determine whether there had been any improvement across 
sessions. A non-parametric Mann-Witney test was used to compare novices' MIQ 
scores with those of experienced surgeons, to determine which group performed better 
for each item of the questionnaire on mental imagery, both pre- and also post-MP 
training. Significance was set at p < 0.05. 
The choice of non-parametric tests and Cronbach alpha to test inter-rater reliability 
from this point on in this thesis was based primarily upon the nature of the data and 
previously published studies of skills and performance in the surgical literature where 
these tests had been extensively used. Further as the current study was completely 
novel, no previous effect sizes were available to conduct power calculations to 
calculate a sample size. The sample sizes chosen were subsequently based upon 
generally accepted numbers that had been published in the performance literature. 
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7.5 Results 
7.5.1 Phase 1 
Reliability of the coding was determined by correlating the total number of cues 
extracted from the interviews by each coder. A high and significant correlation was 
obtained (Cronbach's alpha = 0.846, p < 0.001, N=12) suggesting excellent reliability 
in the interview findings. 
Table 7.2 provides an example of excerpts from the interviews and the imagery cues 
extracted during the coding process. This table demonstrates the key steps of a LC, 
alongside with the key cues (visual, cognitive and kinaesthetic) that were elicited 
from the expert surgeons. 
Table 7.2 Example excerpts from interviews and coded imagery cues 
Excerpt from interview transcript Step of LC Imagery cue 
7 then push down just at the costal Insertion of Visual: 'can see on the 
margin and I can see on the screen where laparoscopic screen where I am 
I'm pushing. I put the knife through and ports pushing' 
then I take an 11 sharp port. I hold it 
firmly in the palm of my hand and grip it Tactile: 'hold [port] firmly 
tight, and I put it into the wound and I in the palm of my hand 
then push quite forcefully but carefully. and grip it tight.. .put it 
It's quite tough again and I'm pushing into the wound.. .push 
until I can see the tip and I now screw the quite forcefrilly but 
port as it goes through the abdominal carefiilly...' 
wall.' (surgeon 1) 
Visual: 'pushing until I 
can see the tip...' 
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7 keep moving my left hand position on Dissection Tactile; 'I keep moving 
the gall bladder to ensure that I get of my left hand position on 
adequate traction and counter-traction. gallbladder the gallbladder' 
And all I then have to do is place the from liver 
back of the hook against the tissue and it Visual: 'place the back of 
just makes the dissection of gall bladder the hook against the tissue' 
off the liver bed very easy. I make sure 
that the grasper isn't holding the Cognitive:' make sure the 
gallbladder in a very traumatic manner, grasper isn't holding the 
because it can perforate the gall bladder gallbladder in a very 
leaving bile everywhere' (surgeon 3) traumatic maimer' 
Table 7.3 presents the total number of cues extracted by each coder from each 
transcript. Overall, more visual cues were reported than kinaesthetic cues followed by 
cognitive, and then other cues. This suggests that experienced surgeons rely more on 
visual imagery than on other types of imagery. The relatively small number of 
cognitive cues could be due to the fact that these surgeons have a developed detailed 
but implicit understanding of the procedure as a result of the number of operations 
that they have performed. 
Table 7.3 Reliability of coding for the interviews 
Participant Visual Tactile Cognitive Others 
Coder 1 or 2 CI C2 CI C2 CI C2 CI C2 
Surgeon 1 42 36 33 28 14 18 4 3 
Surgeon 2 29 34 24 32 15 9 9 4 
Surgeon 3 48 41 37 29 21 26 6 8 
177 
Procedural steps and imagery cues identified from each of the interviews were 
subsequently merged to create a single MP training script, removing any duplication 
in the cues. The script was composed as an instructional guide. An example of a page 
of the script is given in Figure 7.3. The full script can be found in the appendix. This 
was colour coded to further enhance the imagery experience - with red representing a 
visual cue (e.g., stopping and looking), amber a cognitive cue (e.g., thinking about the 
next step), and green a kinaesthetic cue (e.g., executing the motor movement of the 
task). This script was then used as a key component of the MP training protocol for 
the validation phase of the study. 
Clipping and Cutting the Cystic Duct and Artery 
You ask the nurse for the 10mm clipper which you gently 
introduce into the epigastric port. You place it behind the 
cleared area of the duct, making sure you can see its back jaws. 
Ensuring it's as flush to the cystic duct as possible: you 
carefully position it close to the gallbladder. Slowly and 
deliberately you close the clipper and hold it there for a few 
seconds. You open it and are satisfied to see your clips safely in 
place. You place two further clips on the stay side, each time 
making sure you can see the back jaws of the clipper. 
You see the artery now, darker, pinkish red and thinner than the 
duct You take the clipper back and chp the artery. This feels a 
lot easier to clip than the duct. You put one clip towards the 
gallbladder and two on the stay side. 
You remove the clipper. You then introduce some scissors into 
the port, and still retracting with your left hand, you slowly cut 
bet%reen the clips on the duct then the artery 
Figure 7.3 Extract from MP Script 
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7.5.2 Phase 2 
I first assessed the reliability (internal consistency) of the MIQ, to ascertain whether 
the questionnaire could be treated as a scale that captures mental imagery. A 
Cronbach alpha of 0.984 for the pre-training (N=20) and 0.879 (N=20) for the post-
training suggested that the MIQ was internally consistent, allowing for reliable 
summation of individual items to a global MIQ score. The minimum global MIQ 
score was 8, the max score was 56. 
Table 7.4 summarises the pre- and post-training MIQ scores for novice and 
experienced surgeons. Following MP training, novice surgeons improved significantly 
in their MIQ score (Pre-MPmedian = 15 Post-MPmedian = 42, p = 0.005). This 
improvement was present in every single item/aspect of imagery assessed by the 
questionnaire. Experienced surgeons also improved in their MIQ score following MP 
training (Pre-MPmedian = 48 Post-MPmedian = 53, p = 0.007). However, this 
improvement was only significant for items 3, 4 and 7 suggesting that MP solely 
improved confidence and kinaesthetic imagery. Importantly, the script did have face 
validity with both groups (i.e., they could all 'see' and 'feel' themselves performing a 
LC as they practiced it in their mind). Finally, it is important to note that both groups 
Found MP to be a useful exercise in preparing for a LC (MIQ item 1). 
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Table 7.4 Mental Imagery Questionnaire scores pre and post Mental Practice training 
(median and range; Wilcoxon test) 
Novices Experienced Surgeons 
Item Pre (range) Post (range) p value Pre (range) Post (range) p value 
1 2.0(1-3) 5.5 (5-7) 0.004 6.5 (5-7) 7.0 (6-7) 0.096 
2 2.0 (1-2) 5.0 (4-6) 0.004 6.5 (6-7) 7.0 (6-7) 0.102 
3 2.5 (2-3) 5.0 (4-6) 0.004 6.0 (5-7) 6.5 (6-7) 0.046 
4 1.5(1-3) 6.0 (5-7) 0.004 4.0 (3-5) 6.0 (5-7) 0.004 
5 2.0 (1-2) 5.0 (4-6) 0.004 6.0 (5-7) 6.5 (6-7) 0.083 
6 2.0 (1-3) 5.0 (4-6) 0.005 6.5 (6-7) 7.0 (6-7) 0.317 
7 1.0(1-2) 5.0 (4-6) 0.004 5.5 (5-7) 7.0 (6-7) 0.008 
8 2.0(1-3) 5.0 (4-7) 0.005 7.0 (6-7) 7.0 (6-7) 1.000 
MIQ 15.0(10-17) 42.0 (39-45) 0.005 48.0 (45-50) 53.0 (50-55) 0.007 
global 
score 
Comparing novice vs. experienced surgeons before training, experienced surgeons 
scored significantly higher than novices on all aspects (items) of their imagery 
experiences (all ps < 0.001) - and in fact, rather high on the 7-point scale, thus 
indicating a possible "ceiling effect" (i.e., they could not improve any more). 
Following MP training, experienced surgeons still outperformed the novices, but the 
difference was now smaller. Therefore, although the imagery of both groups was 
enhanced following MP, a greater degree of improvement was seen in novice 
surgeons whose imagery ability following MP training approached that of expert 
surgeons. This pattern is graphically depicted in Figure 7.4. 
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Figure 7.4 Mental Imageiy of novice and experienced surgeons pre and post MP 
training 
7.6 Discussion 
The present study successfully developed and validated mental practice as a training 
strategy for Laparoscopic Cholecystectomy (LC) using a MP script. The script 
contained all the procedural steps for a LC as well as the visual, cognitive and 
kinaesthetic cues that would allow the surgeon to perform a symbolic LC using 
mental imagery. Novice surgeons significantly improved in their knowledge, 
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confidence and imagery following MP training. Experienced surgeons, although 
starting from significantly higher initial imagery scores on the Mental Imagery 
Questionnaire (MIQ), also improved in their confidence in, and kinaesthetic feelings 
for performance in a LC. These findings provide solid evidence for the construct 
validity of the MP script that I developed. The MIQ used to assess imagery 
experiences in surgery exhibited adequate reliability (in the form of internal 
consistency) and construct validity (as it differentiated successfully the superior 
imagery of an expert from that of a novice). 
The present study followed best practice guidelines in the development of a MP 
training protocol (Murphy, 1994, Gumming et al., 2009) thus overcoming key 
methodological weaknesses and limitations of existing MP research in surgery. The 
transparent and explicit description of the script and the comprehensive and robust 
assessment (via the MIQ) of the mental imagery skills of participants constitute 
substantial improvement over previous research characterised by rather poorly 
specified imagery interventions(Murphy, 1994). This latter point is of vital 
importance in the field of imagery research because imagery cannot be directly 
observed - it must be inferred from other measures. Put simply, 'manipulation checks 
are necessary to make sure the participants imaged what they were supposed to 
image'(Anshel et al., 1996). The MIQ served as a coherent check for exactly this 
purpose and can now be employed, with suitable modification, in further studies of 
MP in surgical performance. 
Returning to the key findings of the study, the fact that expert surgeons had stronger 
imagery experiences than novices is unsurprising. Previous studies in other domains 
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(e.g., sport) have also demonstrated that elite performers tend to have superior 
imagery to less proficient counterparts (Fourkas et al., 2008, Weinberg, 2008). In the 
present study, one explanation for this finding is that senior surgeons are more 
familiar with the task and thus find it easier to imagine themselves performing it. It is 
anecdotally known that senior surgeons engage in informal 'mental practice'(Rogers, 
2006), as do elite athletes (Murphy, 1994). However the present study suggests that a 
short period of formal, structured mental practice can lead to enhanced mental 
imagery and potentially improved performance in novice and experienced surgeons. 
The findings of the present study need to be set against the limitations. The MP script 
was developed and validated for LC only. Its generalisability to other procedures 
cannot be presumed and must be formally tested. Moreover, only three experienced 
surgeons were used to develop the script, which may suggest too small a sample size. 
I note, however, that previous, similar work with experts using techniques such as 
cognitive task analysis and decision mapping also used small samples of 
experts(Ericsson, 2006). In addition, saturation in emerging themes (cues) was 
achieved with three experts, so I can be reasonably confident that no new cues would 
emerge. A fiirther limitation could be that the MP training protocol took 45 minutes. 
This could be seen as a limitation for potential use in a busy surgical setting. 
However, of this time 20 minutes were allocated to the LC video. This was to ensure 
that all participants, especially novices, had the same mental representation of the 
procedure - adding strength to this study. If the participants are trained surgeons 
instead the video is redundant as they already have a detailed understanding of the 
procedure. This would limit the MP time to more a feasible 15-20mins. 
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An additional benefit of the MP script used in this study is that it makes explicit 
experienced surgeons' implicit knowledge of a procedure. For instance, clipping the 
cystic duct actually involves seeing the back jaws of the clipper and holding it closed 
with firm pressure. These implicit details typically come with experience. The present 
study suggests that MP allows some of this experience to be distilled and 
communicated to junior trainees, with a view to enhancing their learning. From this 
perspective, MP could also help impart some of the stress management strategies 
employed by senior surgeons too. 
7.7 Conclusion 
This study successfully developed and validated the use of a mental practice 
protocol for Laparoscopic Cholecystectomy. Mental practice significantly enhanced 
surgeons' imagery and confidence. The next step is therefore to determine whether 
MP using the current validated protocol can improve technical performance and. 
actually reduce stress. This is explored in the next chapter. 
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8 THE EFFECT OF MENTAL PRACTICE ON 
TECHNICAL PERFORMANCE AND STRESS IN 
NOVICE SURGEONS 
8.1 Chapter overview 
Thus far a mental practice based intervention has been developed and shown to 
enhance imagery. This chapter empirically investigates whether MP, using the 
validated script, can actually reduce stress and enhance the technical performance of 
novice surgeons on a Virtual Reality simulator. This provides an initial testing of the 
intervention allowing for further refinement. 
8.2 Introduction 
Surgical science is rapidly advancing as the emergence of new technologies and 
techniques continues to progress at an unprecedented pace(Satava, 1999). 
Developments such as laparoscopic surgery have conferred a significant benefit upon 
patients. However as I have shown thus far in this thesis, they have also led to a 
paradoxical increase in acute stress being placed upon the surgeon. From my 
systematic review, I have also shown that stress does impair technical performance 
(chapter 3). Acute stress results in a longer time for task completion, a greater number 
of errors and a poorer economy of motion (Gallagher et al., 2004). Of interest is that 
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these negative effects are most prominent in novice surgeons. Clearly, expert 
surgeons have the benefit of repeated practice; conversely inexperience with the 
procedure is a significant source of stress to novices(Leblanc, 2009). With further 
reductions in working hours, such inexperience and stress is only likely to rise. The 
interview study with surgeons also further confirms that inexperience is a significant 
source of stress to junior surgeons. Expert surgeons on the other hand seem to have 
developed sophisticated internalised coping strategies that have made them less prone 
to the effects of stress(Hassan et al., 2006b, Wetzel et al., 2006b). An understanding 
of these strategies may allow them to be distilled into a manner that can be used to 
reduce stress in novices. An example of such a technique is mental practice (Arora et 
al., 2009b, Rogers, 2006). 
As outlined in the preceding study, if MP can improve the imagery of novice surgeons 
to almost that of an expert surgeon, it is possible that this improved imagery can help 
to compensate for the lower level of experience. Essentially, by mentally practicing 
the procedure, surgeons may have a better representation of it in their mind, and are 
therefore more familiar with it and subsequently less stressed. Providing stress 
management training for novice surgeons with MP therefore seems a sensible way to 
start to evaluate this intervention. 
As stated previously it is important to consider that any stress management 
intervention should also enhance technical performance, thus making it more 
acceptable to the surgical community. In this respect, although physical practice is 
essential for the mastery of complex motor skills, mental practice has been found to 
facilitate skill-learning and performance in domains such as sport and 
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music(Weinberg, 2008). Drawing parallels between surgeons and elite sports 
performers in terms of the requirement to master a range of fine and gross motor 
skills, it is reasonable that the training paradigms found in one domain may also be 
applicable to the other. Mental practice thus seems to be a suitable potential for 
enhancing performance too. 
The aim of this study is to determine the effect of MP upon novice surgeons' stress 
and their technical performance on a simulator. The reason that a simulator was used 
was because I felt that immediately testing a stress management evaluation in real OR 
is not possible - both from an ethical or safety perspective. In the first instance, I do 
not know how it will work - it may conversely lead to increased stress and poor 
performance and therefore be detrimental to patient care. Furthermore, the OR has 
also been widely cited as a less than ideal environment for learning to occur. A 
simulation lab however can serve as a useful proxy to the clinical environment. It 
provides a viable and valid alternative for delivering educational training (Kneebone 
St al., 2007, Aggarwal et al., 2006c). Here trainee surgeons can learn at their own pace 
with the opportunity to make errors in a risk free environment. As well as being safe, 
procedures conducted in a simulation lab are highly realistic of the actual operation. 
Skills acquired in simulation also transfer to real OR settings(Larsen et al., 
2009)'(Grantcharov et al., 2004, Seymour et al., 2002, Sturm et al., 2008). 
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8.3 Aims 
To determine if MP reduces stress and enhances performance in novice laparoscopic 
surgeons 
8.4 Methods 
8.4.1 Subjects 
Twenty novice laparoscopic surgeons were recruited from one university hospital. 
Participants were deemed suitable for inclusion only if they had no prior experience 
of laparoscopic surgery. For this reason, medical students were chosen as the study 
sample. To avoid potential confounding variables, participants who had any known , 
systemic illness were not enrolled in this study. Demographics of these participants 
can be seen in Table 8.1. Ethical approval and informed consent was obtained from all 
participants prior to this study. 
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Table 8.1 Demographics and baseline measures 
Parameter MP Control MP vs Control 
Demographics Age median 
(range) 
22 
(21-23) 
22 
(20-23) 
Handedness R;L 7:2 R:L 9:0 
Experience <OLCs < 0 LCs 
Technical skill Time 
median (range) 
534 
(29.9-86.1) 
50.0 
(42.0-147.1) 
P = 0.508 
Economy 
median (range) 
4.7 
(3.0-7.0) 
5.1 
(3.6-11.6) 
P = 0.377 
Errors 
median (range) 
88 
(9-139) 
75 
(48-240) 
P = 0.566 
Stress Heart Rate 84 
(62-90) 
76 
(62-86) 
P = 0.136 
Cortisol 2.40 
(1.48-7.62) 
Z56 
(1.58-4.88) 
P = 0.605 
STAI 7.5 
(6-14) 
10 
(6-13) 
P= 0.815 
Imagery 
Ability 
Mental rotations 
score 
20 (8-25) 20(14-28) f = 0.230 
8.4.2 Study procedure/design 
A randomised controlled study design was utilised with each subject having an equal 
chance of being allocated to the intervention (MP) or control group (Figure 8.1). 
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Subjects recruited 
(n-20) 
Theory of laparoscopy course 
(n=20) 
Baseline skills assessment 
(n=18) 
Proficiency t 
validated VI 
(n= 
raining using 
I curriculum 
18) 
Randomisation using closed envelope technique 
Mental Practice (n=9) Control (n=9) 
MP + VR LC (n=9) 
MP + VR LC (n=9) 
MP + VR LC (n=9) 
MP + VRLC(n-9) 
MP + VRLC(n=9) 
Control +VR LC(n=9) 
Control +VR LC(n=9) 
Control +VR LC(n=9) 
Control +VR LC(n=9) 
Control +VR LC(n=9) 
Key VR LC = Virtual Laparoscopic Cholecystectomy MP= Mental Practice 
Figure 8.1 Study design 
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Baseline levels of stress (STAI, Cortisol and HR) and technical skill (using the 
withdraw and insert task on the validated MIST-VR simulator, Mentice 
Inc.,CA,USA)(Gallagher et al , 2004, Gallagher et al , 1999)) were initially assessed 
to ensure all subjects were comparable. To ensure that all subjects had a comparable 
level of baseline mental imagery ability, a mental rotations test was also carried out. 
This is a validated, objective test of imagery where subjects have to make judgments 
about whether or not the spatial orientation of certain 3D figures matches various 
alternative shapes(Driskell et al , 1994). 
Following this, all subjects participated in a one day 'theory of laparoscopy course' 
where they were introduced to the concepts of laparoscopic surgery, the instruments 
used and common problems. This provided a baseline level of their 'declarative' 
('knowing about') knowledge. Subjects were then trained to proficiency on a LapSim 
simulator (Surgical Science, Gothenburg, Sweden) using an evidence-based, validated 
Virtual Reality Curriculum (figure 8.2) (Aggarwal et al., 2006c). This provided 
stepwise training for their 'procedural' ('knowing how') skills and ensured that all 
subjects were equally familiar and able to perform the tasks required for a LC. 
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Medium Level — KvtlmgK 
7 tasL«; performed twice on t!« same day in hvo Mssions. each session ' 1 hour apart 
Easy Level setting}. 
7 UIKKK pcrjVsrmcd twice on the same 4ay in two semions. each session •• I hour apart 
Comfulction of training when all of the following levels of skill aic achieved on two 
consecutive sessions 
Performed tor a maximum of two sesfionsv i«r day. each session 1 hour ajMot 
DinieuU Level settings 
2 tanks (lulling and Grasping, ami Clip Applying) 
Difficult Level (Clip Applying) 
R Path length 1.2m 
L PaHi length 1 . 2 m 
trror score ' 0.33 
Imietaken • 80sec 
Dillleult l^ vel (Lifl & Grasp) 
R Path length <I,2m 
L Patli length < 1.2m 
Time taken 40 sees 
Dissection Mixlule 
Two ses.sioiK per day. each session >1 hour apart 
Completion of training when all of the following levels of skill arc achieved on two 
eonscculivc sessions; 
Time taken (450 sees); Dissected volume (>20^6); 
R Patli length (3.0 metres); I, Path length (3.0 metres) 
Figure 8.2 Virtual Reality Training Programme for novice surgeons 
(from Aggarwal et al 2006c) 
All subjects were then randomly assigned using the closed envelope technique to 
either the interv^ention (MP group) or the control group. Each subject perfonned one 
LC per day on a full procedural simulator (Lapmentor figure 8.3) for 5 days 
(sessions). 
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Figure 8.3 Lapmentor Simulator 
Prior to each session, the intervention group received MP for 30 minutes whereas the 
control group did not. After receiving either MP or control, each subject completed 
the Mental Imagery Questionnaire. During each session, stress was measured using 
IS AT. That is to say, subjective stress was assessed by asking subjects to complete the 
validated STAI questionnaire pre and post each LC. Cortisol was measured by asking 
the subject chew on a salivette collection device (Sarstedt, Rommelsdorf, Germany) 
for 1 min immediately before and after completing each LC. Saliva was stored at -20 
°C until biochemical analysis took place. Finally HR was measured by asking 
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surgeons to wear a wireless Polar S710i continuous heart rate monitor (Polar Electro 
Inc, Lake Success, New York) throughout the task. Data was captured by a wireless 
data recorder worn on the surgeon's wrist in the form of a sports watch. It was then 
transferred to the PC by infra red, from where the mean and max HR were analysed 
using Polar precision performance software. Figure 8.4 shows the procedure for each 
of the 5 LC sessions. 
Mental hnagery Questionnaire 
LC on VR Simulator (HR monitor worn) 
Mental Practice or control activity 
Post task STAI Questionnaire & Cortisol 
Pre task STAI questionnaire & Cortisol 
Figure 8.4 Procedure for each session 
8.4.2.1 Control group 
Each subject within the control group had 30 minutes of faculty contact time 
immediately prior to executing a VR LC. During this time, the subject was instructed 
to conduct an onhne academic activity, unrelated to performing a LC. 
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8.4.2.2 Mental Practice group 
Each subject within the intervention group underwent MP training using the 
vaHdated MP script developed in chapter 7(Arora et al., 2009a). An evidence-based 
pre-determined protocol which has been shown to improve the mental imagery of 
novice and experienced surgeons was used to deliver the MP training (chapter 7) 
(Arora et al., 2009a). 
8.4.3 Outcome measures 
The primary outcome measures were the surgeons' stress level as measured by IS AT 
and the quality of performance of each of the 5 LCs performed by all subjects. These 
were video recorded and blindly assessed by two experienced laparoscopic surgeons 
(RA, TG), using the generic OSATS-based global rating scale. This is an extensively 
validated scale consisting of seven items, each scored on a 5-point Likert 
scale.(Reznick et al., 1997) A total summed score between 7 and 35 is awarded, with 
7 representing the poorest performance and 35 reflecting excellent performance. The 
scale can be found in the appendix. 
The secondary outcome measure was mental imagery as assessed by the validated 
niental imagery questionnaire. Mental imagery was assessed using the validated 
Mental hnagery questionnaire (MIQ) from chapter 7 that served as the manipulation 
check for this study(Arora et al., 2009a). Participants completed the MIQ before 
performing each of the 5 LCs (immediately after receiving MP or control). The use of 
this measure allowed for the quality and richness of their mental imagery experiences 
to be captured. The MIQ itself contained 8 items, each scored on a Likert scale of 1 to 
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7. Originally developed within the sports literature(Cumming et al., 2007), the MIQ 
has been adapted and validated for use in surgery where it has demonstrated the 
appropriate psychometric properties required for capturing mental imagery in 
surgeons (see chapter 7) (Arora et al., 2009a). 
8.4.4 Data Analysis 
A sample size of 10 subjects per group was based upon power calculations from 
previous VR simulation studies. Data were analyzed with SPSS v 16.0 (Chicago, 
Illinois, USA), using nonparametric tests in accordance with the nature of the data. An 
intergroup analysis between the 2 groups for baseline laparoscopic skills, baseline 
stress and baseline mental imagery ability was conducted using the Mann-Whitney U 
test. 
A Mann Whitney U test was used to compare the stress scores (using HR, Cortisol and 
STAI) between surgeons who received MP against those who did not (controls). 
Spearman rho correlations were then used to test for the relationships between the 
stress measures to ensure concurrent validity. A Mann Whitney U test was also used 
to perform an inter-group comparison in terms of OSATS performance and mental 
imagery scores surgeons. Cronbach's alpha coefficient was used to ensure reliability 
of the video-based assessment scores between the two expert surgeons. 
Spearman rho correlations were conducted between the total imagery scores and 
OSATS score to determine if there was any relationship between the quality of 
imagery and performance. Finally, Spearman rho correlations were also used to test 
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for the relationship between imagery and stress for each of the five sessions. For all 
tests, p < 0.05 was considered statistically significant. 
8.5 Results 
8.5.1 Baseline skills and dexterity 
Eighteen participants completed the study (2 withdrew due to scheduling difficulties). 
There were no inter-group differences in terms of baseline technical ability, stress or 
imagery ability at the start of the study (table 8.1). This ensured that the groups were 
truly comparable. 
8.5.2 Physiological outcome measures: HR 
The Mental Practice group had a lower mean (p=0.000) and maximum HR (p=0.000) 
overall compared to the control group. A more detailed analysis revealed that the 
mean HR was significantly lower for each of the 5 LCs performed (figure 8.5); 1®' LC 
(77 vs 96, p=0.001), 2°'' LC (76 vs 92, p=0.001), 3"^  LC (74 vs 88, p=0.003), 4"^  LC 
(78 vs 87, p = 0.042) and 5'^  LC (71 vs 88, p=0.007). The maximum HR was also 
significantly lower for all LCs performed except the first (figure 8.6). Here the effect 
was in the right direction (MP 110 vs control 118) but not statistically significant. 
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110.00-
100.00-
90 .00-
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X 
80.00-
70 .00-
6 0 . 0 0 -
g r o u p 
H mental practice 
• control 
Figure 8.5 Mean HR across 5 sessions for MP and control group 
140.00-
120.00-
0! I 
100,00-
80.00-
g r o u p 
• mental practice 
• control 
session 
Figure 8.6 Max HR across 5 sessions for MP and control group 
198 
8.5.3 Physiological outcome measures: Cortisol 
There was a significant difference in the pre- task Cortisol for the MP group compared 
to the control group (p= 0.011). This suggested that the MP group were less stressed 
at the start of the task. An in depth analysis of results for all five sessions revealed that 
this effect was significant for the 1®' LC (2.02 vs 3.57, p=0.013), 2^^ LC (1.98 vs 3.66, 
p=0.021) and 3"^  LC (2.26 vs 3.99, p= 0.012). The same beneficial effect was seen for 
the 4"^  LC and 5^ ^ LC although this did not approach statistical significance (figure 
&7) 
1 0 . 0 0 -
8 . 0 0 -
® 6 . 0 0 -
o 4 . 0 0 -
2 . 0 0 -
g r o u p 
• mental practice 
• control 
0 . 0 0 -
1.00 2 .00 3.00 
session 
4 .00 5 .00 
Figure 8,7 Pre task Cortisol across 5 sessions for MP and control group 
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A similar pattern was seen for the Cortisol sample taken immediately after task 
performance. The M P group had a significantly lower Cortisol for the 1 '^ LC (1.45 vs 
2.31, p=0.015), (1.78 vs 3.36, p=0.012), and 3"^  LC (1.42 vs 4.41, p=0.027). 
Again Cortisol was also lower for the 4"^ LC and 5^ LC although not statistically so. 
(figure 8.8). 
8 . 0 0 -
6 . 0 0 -
P 4.00-
1.00 2.00 3.00 
session 
4.00 5.00 
group 
H mental practice 
• control 
Figure 8.8 Post task Cortisol across 5 sessions for MP and control group 
8.5.4 Subjective outcome measures: STAI 
The MP group reported statistically lower levels of stress during the task for all 5 
sessions (table 8.2). Immediately before and after completing the task, subjective 
stress was still lower for the MP group, but this difference was statistically significant 
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for the only the 1®\ 3^ ^ and 4* LC. Regarding total stress across the procedure, the 
MP group were significantly superior for all except the final LC (session 5). 
Table 8.2 Subjective stress experienced by MP and control groups 
Session (LC) Mental Practice vs Control (median values) 
1 2 3 4 5 
STAI 
pre 9 vs12** 6 vs 10 6 vs 10** 6 vs 8** 6 vs 8 
STAI 
intra 9 vs13** 9 vs 14** 7 vs 12** 6 vs 10* 6 vs 9* 
STAI 
post 6 vs 10** 7 vs 10 6 vs 10* 6 vs 8* 6 vs 10 
STAI 
total 
8.33 vs 
22*** 7.66 vs 10* 
6.33 vs 
10.66** 6 vs 8.66* 6 vs 9 
Statistical significance as follows: * p< 0.05; ** p< 0.01; ***/?< 0.001 
8.5.5 Intercorrelations of stress indices (concurrent validity) 
•A. correlational analysis between the stress indices across all five LCs revealed that 
total subjective stress (total STAI) correlated with the objective measures (Cortisol 
and mean HR). Furthermore the two objective measures significantly correlated with 
each other suggesting that I was indeed measuring acute mental stress (table 8.3). 
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Table 8.3 Spearman Rho correlation coefficients between subjective (STAI) and 
objective stress indicators. 
STAI total Cortisol pre Cortisol post HR (mean) HR (max) 
STAI 
total 1 
Cortisol 
pre 0L83** 1 
Cortisol 
post 0.68* (186** 1 
HR 
(mean) 0.73** (172** 0.65* 1 
HR 
(max) 0.44 0.46 0.34 0.72** 1 
Note: correlations on N = 18. Statistical significance of the coefficients as follows: p < 0.05; p < 
0.01; 
8.5.6 Mental Imagery 
The mental imagery score for the MP group was significantly higher than the control 
group for every session; 1®' LC (46 vs 26, p=0.002), 2°*^  LC(49 vs 34, p=0.003), 3"^  
LC (50 vs 39, p=0.001), 4^ LC (52 vs 38, p=0.000) and 5^ LC (53 vs 39, p=0.000). 
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Table 8.4 Mental Imagery scores in MP V5. Control groups 
Control vs. Mental Practice Median (range) 
Session 1 Session 2 Session 3 Session 4 Session 5 
MIQ 
1 4 (2-7) vs. 6 (3-7) 5 (3-7) vs. 6 (5-7) 5 (4-7) vs. 6(6-7)*" 4 (3-7) vs. (5-7)"' 5 (4-7) vs. 7 (6-7)" 
3 (2-4) vs. 6(3-7)'" 5 (3-6) vs. 6 (4-7)" 5 (3-6) vs. 6 (5-7) 5 (3-6) vs. 6 (6-7)* 6 (4-7) vs. 7(6-7)"* 
4 (2-5) vs. 6 (3-6)** 4 (3-5) vs. 6 (4-7)** 5 (3-6) vs. 7 (5-7)** 5 (5-6) vs. 7 (6-7)* 5 (4-6) vs. 7 (6-7)* 
2 (1-4) vs. 6 (5-7)* 3 (1-7) vs. 6(5-7)" 2 (1-6) vs. 6 (5-7)" 2 (1-5) vs. 7 (5-7)* 2 (1-6) vs. 7 (4-7)* 
3 (2-6) vs. 6 (5-7) 5 (3-6) vs. 7(5-7)"' 5 (3-6) vs. 7 (6-7)" 5 (3-6) vs. 7 (6-7)" 5 (5-6) vs. 7 (6-7)' 
3 (2-6) vs. 6 (5-6)* 4 (3-6) vs. 6 (5-7)" 5 (3-6) vs. 6 (5-7) 5 (4-7) vs. (6-7)*** 6 (4-6) vs. 7 (6-7)* 
3 (2-7) vs. 5 (5-7)* 3 (2-6) vs. 6 (4-7)' 4 (3-5) vs. 6 (5-7)** 5 (3-6) vs. 7 (6-7)** 5 (3-6) vs. 7 (5-7)* 
3 (1-6) vs. 6(4-7)" 3 (2-6) vs. 6 (5-7)" 4 (3-6) vs. 7 (6-7)" 5 (4-6) vs. 7 (6-7)* 6 (4-7) vs. 7 (7-7)** 
Note: correlations based on N = 18. Statistical significance of the coefficients as follows: < 0.05; p 
<0.01; **>< 0.001 
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8.5.7 Quality of performance 
A comparison of the quality of performance (OSATS score) between groups revealed 
that the MP group were significantly superior to the control group for session 1 
(median 20.0 vs 15.0 respectively, p=0.005), session 2 (median 20.5 vs 13.5, 
p=0.001), session 3 (median 24.0 vs 15.5, p<0.001), session 4 (median 25.5 vs 15.5, 
p<0.001) and session 5(median 27.5 vs 19.5, p<0.001) (figure 8.9). Excellent inter-
rater reliability (Cronbach alpha=0.976) was obtained between the two blinded 
experts performing ratings, thereby lending psychometric support to these findings. 
35.00-
30.00-
8 to 
c 25.00-
1 
1 
^ 20.00-1 
0 
•o 
1 
£ 
(0 § 
o 
15.00-
10.00-
5.00-
group 
# nnental practice 
• control 
Figure 8.9 Technical Performance of MP and control group 
204 
8.5.7.1 Mental Imagery and performance 
Significant and sizeable correlations (ranging from 0.47 to 0.80) were also obtained 
between the total imagery score and OSATS performance scores (except in session 1). 
This suggests that there was a significant positive relationship between better imagery 
and the quality of surgical performance within each session (Table 8.5). 
Table 8.5 Spearman rho correlation coefficients between quality of performance and 
imagery scores 
OSATS 
SCORE 
Session 1 Session 2 Session 3 Session 4 Session 5 
Session 
1 
Session 
2 
0.179 0.131 0.093 0.156 0J32 
0.590" 0.514' 0.469' 0.476* 0.591" 
IMAGERY Session 
SCORE 3 
0.795" &597' 0.549' 0.680" 0.705" 
Session 
A 
0.660" 0.627" 0.567' 0.577' 0.680" 
4 
Session 
5 
0.603" 0.537' 0.533' 0.514' 0.617" 
Note: correlations based on N = 18. Statistical significance of the coefficients as follows: < 0.05; p 
<0.01; "><0.001 
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8.5.7.2 Mental Imagery and stress 
A correlational analysis demonstrated that changes in stress levels were inversely 
related to imagery. That is, the better the imagery, the lower the level of stress 
experienced (table 8.6). 
Table 8.6 Spearman rho correlations between total stress (STAI) and imagery 
STAI 
1 
STAI 
2 
STAI 
3 
STAI 
4 
STAI 
5 
Imagery 
1 -0.82" -&58' -0.57* -&58' -0.57* 
Imagery 
2 -0.73" -0.66 -0.54* -0.66" -0.61** 
Imagery 
3 -0.68" -0.63" -0.61" -0.62" -0.47* 
Imagery 
4 -0.78" 4153' -0.65" -&53' -0.49* 
Imagery 
5 -0.71" -0J3' -0.58" -0.61** -0.55* 
0.01; 
.6 Discussion 
Acute intra-operative stress impairs surgical performance and may compromise 
patient safety(Arora et al., 2010d). Mental practice is known to reduce stress and 
enhance physical performance in other highly skilled motor industries such as sport 
and music (Driskell et al., 1994, Martin K.A et al., 1999). 
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This is the first study to show that a short period of MP attenuates the psychological, 
neuroendocrine and cardiovascular response to acute stress in novice surgeons as well 
as enhancing the quality of their technical performance. 
In this study, the data regarding HR, Cortisol and STAI are analogous to that found in 
other studies involving surgeons under stress (Jezova et al., 1992a, Bohm et al., 2001, 
Arora S et al., 2009). Furthermore, the reduction in the neuroendocrine and 
cardiovascular response to stress is comparable to that found by others who employed 
a stress management intervention, confirming that these indices can be influenced by 
stress reduction strategies(Cruess et al., 2000, Gabb et al., 2003). 
With regards to the fact that the both the subjective and physiological response 
differed between the intervention and control group, it seems appropriate to assume 
that the MP acted as an effective stress reduction strategy. This mirrors the findings in 
the sports literature which suggest that MP improves cognitive skills and leads to 
measurable psychophysiological changes (Murphy and Martin K.A, 2002, Moran A, 
2009). In order to help understand this result, attention should be drawn to the bio-
informational theory of MP (see chapter 6)(Lang, 1979). Importantly, not only does 
visualisation trigger the same signs of emotional arousal as actual perception(Lang et 
al., 1993), anything that modifies the imagined response (eg MP), also moderates how 
a person would react in the real life situation. In this way, MP may have acted as 
stress inoculation training. If this is correct, then the better imagery, the better the 
mental experience and the less the stress. Significant correlations found between 
imagery and stress indicates that this was the case and lends support to this claim. 
Furthermore, significant correlations obtained between imagery and performance 
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scores suggest that the better quality of performance seen in the MP group was due 
to their enhanced imagery-lending credibility to this study. 
Several methodological issues related to this investigation need to be discussed. First, 
care was taken to obtain all relevant baseline measures. This ensured our subjects 
were truly comparable in terms of skill, stress and imagery ability. Second, the use of 
a prospective randomised design, conducted in carefully controlled conditions, lends 
confidence to our findings that MP reduces stress whilst performing a LC. It can thus 
be assumed that the reported results were not influenced by pre-existing individual 
differences between the groups or selection bias. Moreover, the use of a validated tool 
to measure stress (ISAT) allows us to be confident that I was indeed capturing acute 
mental stress (as opposed to physical stress). The significant correlations obtained 
between the three stress indices further corroborate this claim. Finally the use of a 
clear and explicit MP protocol with a validated manipulation check and the inclusion 
of an active control group overcame many of the previous limitations of research in 
this field. As well as re-validating its use to improve imagery, this protocol made our 
training transparent, allowing for the reproduction of our methods and the benefits of 
this approach to be available to others. 
Regarding wider implications, the evidence on the detrimental effects of stress upon 
surgeons and their performance is rapidly mounting. Although primary stress 
management is useful, this is dependent upon minimising external demands to reduce 
stress- which may not always be possible in the unpredictable surgical setting. 
Instead, by increasing perceived resources to cope, MP could be used as a secondary 
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stress management strategy that could help prepare trainees to perform optimally 
under high-stress and crisis situations. 
Clearly however the procedure was conducted on a simulator in a skills lab and with 
novices i.e. medical students. The effects of this intervention upon stress levels of 
more experienced surgeons remain unknown. Also despite being a useful starting 
point for exploring this intervention, a skills lab is a very static environment lacking 
context and realism. In this environment, the only stress that was possible to introduce 
was that related to the inexperience of the novice surgeons. Other stressors that are 
part of everyday surgical practice such as team problems, equipment breakdowns and 
distractions were difficult to attend to. Furthermore I could only test the effects of this 
intervention on stress and technical performance. Assessing non-technical 
performance was impossible as the surgeon was confined to a static skills laboratory. 
8.7 Conclusion 
A. short period of MP reduces the subjective, cardiovascular and neuroendocrine 
response to stress on a VR simulator. It also improves technical performance. The 
next step is to determine whether this effect extends beyond novice surgeons and to 
the non-technical skills essential to maintaining safety in surgery. This will be 
explored in the next chapter. 
2 0 9 
DEVELOPMENT AND VALIDATION OF A 
MENTAL PRACTICE BASED INTERVENTION FOR 
NON-TECHNICAL SKILLS 
9.1 Chapter overview 
The following chapter outlines the development of a MP training protocol geared 
towards improving performance in non-technical skill (as well as technical skills). A 
validation study then follows to determine whether the refined MP script can actually 
enhance the imagery of non-technical skills. This is important in assessing whether a 
MP intervention improves both technical and non-technical performance - as well as 
reducing stress. 
9.2 Introduction 
A MP script for training in the technical skills of laparoscopic surgery has already 
been developed and empirically validated within this Thesis: empirical findings in 
chapter 7 demonstrate that it significantly improves imagery in novice and expert 
surgeons(Arora et a l , 2010a). Using this script, it has also been shown that MP 
enhances technical performance and reduces stress in novice surgeons in chapter 8. It 
is reasonable to infer therefore that MP reduces the stress associated with 
inexperience of the technical aspects of the procedure. 
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However, results from the systematic review, interview study and observational 
study suggest that many factors other than technical inexperience cause stress. These 
include problems in teamwork, equipment failures and patient complications. 
Although cognitive approaches such as mental rehearsal are important in managing 
these stressors, this remains to be empirically tested. As the aim is to produce a stress 
management intervention that helps target most of the sources of stress, it is important 
that any MP training protocol also helps the surgeon to manage these additional 
stressors. One way of looking at this would be to determine if MP can actually 
enhance non-technical performance (as well as reducing stress). 
The first step to improving such performance using MP is to provide a detailed 
imagery experience using a validated MP training protocol or script. Ideally, this 
script should contain a list of procedural steps to be rehearsed before executing the 
skill but more importantly, the associated imagery cues designed to enhance the 
representation of this skill in the subject's mind. Crucially, this mental imagery script 
is the key enabler for improving memory of the skill and hence, subsequent task 
performance(Weinberg, 2008). Therefore before showing that MP can enhance non-
technical performance, it is imperative to demonstrate that it can actually enhance the 
imagery of the non-technical skill. Although the previous chapter has shown that 
enhanced imagery of technical skill actually correlates with better technical 
performance, it is based upon a script which only contains the imagery cues pertaining 
to the technical steps. Non-technical issues and the relevant cues surrounding these 
have yet to be defined. 
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9.3 Aims 
The aims of this study were: 
I. To refine the existing MP script to incorporate the non-technical steps of a LC 
procedure 
II. To validate this script by empirically evaluating the degree to which it 
improves mental imagery in experienced and novice surgeons. 
9.4 Methods 
A two phase approach was utilised analogous to that used in chapter 7. Phase 1 
concerned refinement of the MP script; Phase 2 pertained to its validation. 
9.4.1 Phase 1: Imagery script development 
9.4.1.1 Phase la: Review of existing literature on stressors in the OR 
Studies within the systematic review focussing upon stress and non-technical 
performance were identified. All further studies on stress in surgery to date within this 
Thesis were then added to this. Finally any other observational studies conducted in 
the OR by our research group were added. Although these may not have focussed 
upon stress per se, this allowed me to tap into the cumulative experience of our 
research team. Each of these studies was reviewed to identify the potential sources of 
stress in the OR that could compromise safety. This acted as a first step in developing 
a framework that would form the content domain of a MP script. 
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9.4.1.2 Phase lb: Cognitive Task Analysis 
Transcripts from the three surgeons who were interviewed using a cognitive walk-
through for the procedure where they were asked to recall the steps of a Laparoscopic 
Cholecystectomy (LC) in Chapter 7 were identified. 
Each of these transcripts was re-coded using the framework identified in Phase la. 
Specifically coders identified the non-technical skills that surgeons used to manage 
any potential stressors that they imagined themselves having to dealing with. 
This allowed the framework identified in phase la to be populated with content in 
terms of strategies to reduce the stressors, thus forming the basis of the MP training 
protocol. 
9.4.1.3 Phase Ic Expert input 
Once the preliminary framework was defined, it was presented to a group of 22 
experts in patient safety at the Cenfre for Patient Safety and Service Quality. This is a 
multi-disciplinary group of clinicians, psychologists, nurses, human factor researchers 
all with expertise and a background in patient safety. The framework was presented in 
the form of a PowerPoint, alongside the rationale for its development. The patient 
safety experts were given the opportunity to ask any questions for clarification and 
then requested to fill in a questionnaire (figure 9.1) to elicit their opinion in a 
systematic manner. 
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I believe that the framework... 
1. Is feasible Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
2. Is easy to understand Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
3. Is useful Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
4. Could potentially enhance safety in the OR Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
5. Could potentially reduce errors/adverse events in the 
OR 
Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
6. Could enhance surgeons' technical skill in the OR Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
7. Could enhance surgeons' non-technical skill in the 
OR 
Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
8. Could help reduce surgeons' stress in OR Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
8. Could improve teamwork in the OR Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
9. Could improve communication in the OR Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
10. Could improve surgeon's leadership in the OR Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
11. Would help a surgeon manage him/her-self in the 
OR 
Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
12. Would help a surgeon interact effectively with the 
OR team 
Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
13. Would help a surgeon handle problems with the 
OR environment (incl. equipment) 
Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
14. Would help a surgeon manage the patient in the OR Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
15. Should be used by trainee surgeons Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
16. Should be used by expert surgeons Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
17. Should be part of standard surgical training Strongly 1 2 3 4 5 6 7 Strongly 
disagree agree 
Figure 9.1 Questionnaire for Assessment of safety skills framework 
Finally, the findings (steps and cues for LC - both technical and non-technical) were 
merged to create a single MP script based on the framework (see appendix for script). 
Interview findings were used to identify the visual, cognitive and kinaesthetic cues 
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that enhanced such imagery. These cues were built into the script and colour coded 
as an additional mnemonic prompt to elicit imagery. The approach to the development 
is summarised in figure 9.2. 
Review of studies to identify stressors 
Population of framework with non-technical 
strategies to create content domain for script 
Refinement of existing 'technical' MP script to 
include non-technical content & imagery cues 
Final MP Script for technical and non-
technical skills 
Expert input to provide content validation of 
framework 
Development of an outline firamework of 
stressors 
Identification of non-technical strategies and 
cues to manage stressors from interviews 
Figure 9.2 Approach to developing a MP script for non-technical skills 
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9.4.2 Phase 2: script validation 
9.4.2.1 Participants 
24 surgeons (12 novice and 12 experienced) were recruited from one teaching hospital 
in London using purposive sampling. Demographics are shown in table 9.1. 
Table 9.1 Participants' demographic information 
Novices Experts 
Experience <5LCs > 50 LCs 
Age (median, range) 23 years (21-24) 46(33-62) 
Gender Male = 6, Female =6 Male = 9, Female = 3 
Handedness Right = 12, Left =0 Right =12, Left = 0 
9.4.2.2 Design 
As with the technical script validation, a pre- and post-test, repeated measures design 
was employed, with each participant serving as their own control. 
9.4.2.3 Materials 
For the purposes of this study, another questionnaire was developed to be used 
alongside the pre-existing Mental hnagery Questionnaire (MIQ). This additional 
questionnaire was to ensure that I could also assess the imagery of the relevant non-
technical skills (MIQ-NTS). Each item was scored on a Likert scale of 1 to 7 with 
clearly defined anchors (fig 9.3). The items on the MIQ-NTS were chosen based the 
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constructs of mental imagery (eg visual and kinaesthetic imagery) as well as the key 
non-technical skills required to effectively manage a stressful situation. These non-
technical skills were identified from prior work within this thesis in terms of the 
literature review and interview study. The questionnaire was developed with the aid 
of a Mental Practice Expert (Moran), a Human Factors Expert (Sevdalis) and 3 expert 
surgeons who ensured it was appropriate to the surgical task. The results from the 
MIQ and MIQ-NTS acted as the key outcome measure of the study capturing both the 
quality and richness of participating surgeons' mental imagery experiences as they 
pertained to both technical and non-technical skill pre- and post-MP training. 
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Instructions 
Please read the statements that follow and indicate your agreement with each one of 
them by circling the appropriate number on the scale. 
Please note that there are no right or wrong answers. 
1. How well prepared do you eel to perform a Laparoscopic Cholecystectomy? 
Not all prepared 1 2 3 4 5 6 7 Very Prepared 
2. How ready do you feel to deal with any prob [ems that may arise? 
Not at all 
ready/"energised" 1 2 3 4 5 6 7 
Very 
ready/ 
"energised" 
3. How well can you see yourself establishing and maintaining rapport with your 
team? 
Not Well 
at all 1 2 3 4 5 6 7 Very Well 
4. How easily can you see yourself managing a difficul t team? 
Not 
easily at 
all 
1 2 3 4 5 6 7 Very 
easily 
5. How easily can you feel yourself checking the equipment to make sure that it is 
correct? 
Not 
easily at 
all 
1 2 3 4 5 6 7 Very 
easily 
6. How easily can you see yourself managing interruptions and disruptions in the 
OR? 
Not easily 
at all 1 2 3 4 5 6 7 
Very 
easily 
7. How easily can you see yourself asking for help from a colleague/senior if 
necessary? 
Not easily 
at all 1 2 3 4 5 6 7 
Very 
easily 
8. How easily can you see yourself liaising with the Anaesthetist about the 
patient's condition? 
Not easily 
at all 1 2 3 4 5 6 7 
Very 
easily 
Figure 9.3 Mental Imagery Questionnaire for non-technical skills (MIQ - NTS) 
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9.4.2.4 Procedure 
Each participant underwent MP training using the newly developed, revised version 
of the MP script to incorporate non-technical performance. The same protocol as for 
the previous study was used (Figure 9.4). However within this protocol, each surgeon 
completed the MIQ and MIQ-NTS pre and post MP training. This acted as a 
manipulation check on participants' imagery experiences. 
Brief relaxation exercise 
Introduction to concept of 
mental practice (MP) 
Mental Imagery questionnaire 
(pre-test) 
Mental Imagery questionnaire 
(post-test) 
MP of procedure with external 
talk-out loud 
Familiarization/ learning of MP 
script 
Video of expert performing 
procedure with talk-over using 
MP script 
Figure 9.4 Mental Practice Training Protocol 
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9.4.2.5 Data management and analysis 
All results were entered into SPSS for Windows v. 17.0 (SPSS, Inc., Chicago, IL, 
USA). A reliability analysis (Cronbach's alpha coefficient) was conducted to 
determine the degree of internal consistency of the 8 items within the MIQ 
questionnaire and the 8 items within the NIQ-NTS questionnaire (which, if 
acceptable, allows all eight items in each questionnaire to be added together and 
treated as a single scale that measures mental imagery). 
A Wilcoxon test was used to compare novices' and experts' MIQ scores pre- and 
post-MP training to determine whether there had been any improvement across 
sessions. A Mann-Witney test was used to compare novices' scores with those of 
experienced surgeons, to determine which group performed better for each item of the 
questionnaire on mental imagery, both pre- and also post-MP training. All tests were 
conducted using the MIQ questionnaire and the MIQ-NTS questionnaire. Finally both 
these questionnaires were correlated using Spearman's rho to determine if there was a 
relationship between the two. Significance was set at p < 0.05. 
9.5 Results 
9.5.1 Phase 1: Script Development 
9.5.1.1 Phase la: Review 
Table 9.2 presents the factors that could potentially cause stress to the surgeon. These 
were identified from the studies in the systematic review as well as from other studies 
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of observational work conducted by our group. The most common factors appeared 
to be related to the surgeon themselves, team factors, environment and equipment 
factors (eg distractions/disruptions), patient factors and technical factors. 
As I already had a script focussing upon technical factors, the decision was made to 
construct a framework for the other factors. For ease of use, this was split into the 
three phases of the operative procedure. This template is presented in figure 9.5. 
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Table 9.2 Potential stressors identifiedfrom each study 
Sample and setting Technical 
factors 
Patient 
factors 
Team 
factors 
Time 
Factors 
Distraction/ 
Disruptions 
Equipment 
problems 
Personal Teaching 
Factors 
OR 
Environment 
Arora 
et al 2008 
15 Surgeons 
Interview Study X X X X X X 
Moorthy 
et al 2003 
20 Surgeons 
Simulated OR X X 
Undre 
et al 2007 
20 Surgical teams, 
Simulated OR X X 
Wetzel 
et al 2006 
16 surgeons, 
interview study X X X X X X X 
Arora 
et al 2010 
55 Procedures, 
Observational Study X X X X X X X X 
Sevdalis 
et al 2008 
16 surgeons, 26 nurses, 
20 anaesthetists 
Interview study 
X X X X X X X 
Sevdalis 
et al 2007 
48 Procedures, 
Observational Study X X X X X X 
Undre 
et al 2007 
50 Procedures, 
Observational Study 
X X X 
Undre 
et al 2006 
50 Procedures 
Observational Study 
X X X 
Healey et 
al206 
50 Procedures, 
Observational Study X X X X X 
Undre et 
al 2006 
24 Surgical Teams, 
Interview study X 
Healey et 
al 2004 
50 Procedures. 
Observational study 
X X X 
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Pre-OP Intra-Op Post-Op 
'X. 
m 
ENVIRONMENT 
PATIENT 
Fig 9.5 Template for framework 
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9.5.1.2 Phase lb 
Next, the skills elicited from the interviews were matched onto to the framework 
according to which section (Self, Team, Environment, Patient) and which phase they 
most relevant to. Table 9.3 provides an example of excerpts from the interviews and 
how these were used to create the content domain for the framework. The full 
framework with the entire relevant content domain can be seen in Figure 9.6. 
Table 9.3 Example excerpts from interviews and framework entry 
Excerpt from interview transcript Section Framework 
entry 
'Before I start the procedure, I let my team know 
who's around in case I run into difficulty. For 
example, if the consultant is in clinic, I give them the 
clinic phone number... that way I kind of know that I 
will be able to get help quickly' 
Self Who's available to 
help if there is a 
problem? 
- inform your team 
'When I get to the tricky bit of the procedure, I Team 
always make sure I inform my team. That way if they 
are chatting, I can politely ask them to be quiet so I 
can concentrate. If I don't get any response, I just say 
it again a bit louder...' 
Could they be more 
helpful for you? 
- Ask them to stop 
talking etc 
As soon as I come into the case, I always make sure I Environment/ 
look at my equipment - even before I scrub... I check Equipment 
with the scrub nurse that what I'll need is there and 
that it works ok. That way if something is missing, I 
can see the circulating nurse is there and she can go 
and get it before I start.' 
'As the procedure goes on, I regularly check with the Pat ient 
Anaesthetist how the patient's doing and so on..' 
Is equipment 
available? 
- Anticipate what 
you may need later 
Anything you need 
to be concerned 
about? 
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M.I.N.D. YOUR S T E P ! 
M o n i t o r your STEP Inform your team N o t i c e and acknowledge any response D e c i d e if further action needed & persist until Definit ive 
P R E - O P I N T R A - O P P O S T - O P 
SELF 
Are you happy to do this procedure? 
Who's available to help if there is a problem? 
- inform your team 
Are you on caU? 
- inform learn what to do with bleep 
How BTC you progressing? 
- Inform team regularly 
Any unexpected difGculQr? 
- Inform team 
- Consider calling for help 
Has the procedure gone as well as it could? 
Is all documentation complete? 
TEAM 
Who are your team? 
- Ask each person to introduce themselves 
What level of experience do they have? 
- Aak each person 
Do they know who you are? 
- Introduce yourself 
Are your learn working well together? 
- Can you do anything to help them? 
Could they be more helpful for you? 
- Ask them to stop talking etc 
Do they need firmer leadership? 
- Give more explicit, firmer instructions 
Thank your team 
Debrief 
- Address any problems/ issues with team 
ENVIRONMENT 
Is it optimal (or you? 
Can distractions be minimised? 
Is equipment available? 
- Anticipate what you may need later 
Is equipment working? 
- Laparoscopic slack ok? Pressure ok? 
Is it optimal (or you? 
Can distractions be minimised? 
- ask for radio lo be off 
- ask team to be quiet 
- if no response, use names, stop what you 
are doing Jkwait lo attract team's attention 
Are all counts correct? 
Any issues about equipment and/ or 
distractions to be resolved? 
PATIENT 
What has happened so far? 
- Ask your team 
How is the patient? 
- Check with Af^esthetist 
Anything you need to be concerned about? 
How is the patient? 
- Oieck with Anaesthetist r^ularly 
Anything you need to be concerned about? 
How is the patient? 
- Check with Anaesthetist 
Figure 9.6 MIND Your STEP Framework 
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9.5.1.3 Phase Ic 
Table 3 shows the responses of the safety experts to the questions asked after seeing the 
framework. As this shows, from the perspective of patient safety experts, the 
framework contained the relevant content domain of skills that would enhance safety. 
Table 9.4 Expert Assessment of framework 
Item (scale 1-7) Mean SD 
1. Is feasible 5.8 1.2 
2. Is easy to understand 6.4 1.6 
3. Is useful 6.6 0.2 
4. Could potentially enhance safety in the OR 6.2 0.5 
5. Could potentially reduce errors/adverse events in the OR 5.9 0.8 
6. Could enhance surgeons' technical skill in the OR 4.2 1.4 
7. Could enhance surgeons' non-technical skill in the OR 6.3 1.7 
8. Could help reduce surgeons' stress in OR 6.2 0.6 
8. Could improve teamwork in the OR 6.4 0.7 
9. Could improve communication in the OR 5.8 1.2 
10. Could improve surgeon's leadership in the OR 5.2 1.6 
11. Would help a surgeon manage him/herself in the OR 4.3 2.4 
12. Would help a surgeon interact effectively with the OR team 6.6 0.4 
13. Would help a surgeon handle problems with the OR environment 5.2 2.2 
14. Would help a surgeon manage the patient in the OR 4.6 1.3 
15. Should be used by trainee surgeons 6.6 0.7 
16. Should be used by expert surgeons 5.6 1.6 
17. Should be part of standard surgical training 5.8 1.8 
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Based upon this framework and additional imagery cues for non-technical skills 
identified from the interviews, the existing MP script for technical skills was adapted to 
also contain the relevant safety behaviours extending beyond the technical aspects of 
the procedure. An example of a page of the script is given in Figure 9.7. As before, this 
was colour coded to further enhance the imagery experience - with red representing a 
visual cue (e.g., stopping and looking), amber a cognitive cue (e.g., thinking about the 
next step), and green a kinaesthetic cue (e.g., executing the motor movement of the 
task). This newly developed revised version of the script was then used within MP 
training protocol for the validation phase of the study. 
Positioning and preparation 
Imagine entering the operating theatre where you can clearly see the rest of the team are already 
present. 
You introduce yourself to the team and clearly ask for their names and level of experience. 
You feel confident and ready for the challenge that lies ahead, knowing that this procedure is one with 
which you are very familiar. However, you think about a contingency plan in case there is a problem and 
you inform your team who to call if there is a problem. You tell them that another consultant is in clinic 
and available if need be, for example. You also inform the team that you are on call and ask the 
circulating nurse to immediately answer the phone if it rings and take a message and if urgent for them 
to call another registrar on bleep 
As you have just entered the case, you pause to check your equipment. You ask the saub nurse if all the 
equipment is available and working - specifically you ask for the diathermy, clip applier and endo bag to 
be available. If something is missing, you can see the circulating nurse is tfiere and ask her to get it for 
you before you start. 
You scrub and gown appropriately and approach the patient on the table. You see the anaesthetist at the 
head end and this reminds you to ask tlie anaesthetist how is the patient so far and if she has had any 
antibiotics. You realise that you were not there when the 
pneumoperitoneum was created so you diligently check the pressure and conect it if necessary. 
You look at the camera view to see if its ok and if clearly ask your assistant if they are comfortable 
holding the camera. You wrait for them to reply before proceeding. You can dearly see the bluish 
gallbladder and the yellow fatty tissue around calots triangle 
Finally, you ask the anaesthetist if i f s ok to start. He replies. You're not sure that you've heard so you ask 
again. He speaks loudly, clearly, 'Yes - go ahead' 
Figure 9.7 Extract from MP Script 
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9.5.2 Phase 2: Script Validation 
The rehability (internal consistency) of the MIQ and the MIQ -NTS questionnaire was 
first tested individually to ascertain whether each questionnaire could be treated as a 
scale that captures mental imagery of technical skills (MIQ) and mental imagery of non-
technical skills (MIQ-NTS). A Cronbach alpha of 0.980 for the pre-training (N=24) and 
0.872 (N=24) for the post-training suggested that the MIQ was internally consistent, 
allowing for reliable summation of individual items to a global MIQ score. Regarding 
the MIQ-NTS, the Cronbach alpha for pre -training was 0.980 and for post -training 
was 0.759 also indicating internal consistency. 
Table 9.5 summarises the pre- and post-training scores for novice and experienced 
surgeons as rated on the original MIQ questionnaire. Table 9.6 provides the scores for 
the same surgeons pre and post training but this time as rated upon the MIQ-NTS 
questionnaire. As can be seen from these, with the use of the revised script, novice 
surgeons improved significantly in their MIQ score and their MIQ-NTS score following 
the MP training. This improvement was significant in every single item/aspect of 
imagery assessed by both the questionnaires. Experienced surgeons also improved 
significantly in their global MIQ score and MIQ-NTS score following MP training with 
the revised script. When looking at the individual items assessed on the MIQ, this 
significance was seen for all items except 2 and 8. This suggests MP did not improve 
the confidence of experienced surgeons. This may be because their confidence was 
already at the maximum level (ceiling effect). 
However when looking at the items on the MIQ-NTS, the significant improvement for 
experienced surgeons was only seen in items 2,3,5 and 6 suggesting that with regards to 
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non-technical skills, MP improved experienced surgeons' imagery in feeling prepared 
for any problems, developing a rapport with their team, checking equipment and 
managing distractions. Importantly though as with the previous script, the revised script 
did have face validity with both groups (i.e., they could all 'see' and 'feel' themselves 
performing a LC as they practiced it in their mind). Finally, it is important to note that 
both groups found MP using this revised script to be a useful exercise in preparing for a 
LC (MIQ item 1). 
Table 9.5 Mental Imagery Questionnaire (MIQ) scores pre and post MP training (median 
and range; Wilcoxon test) 
Novices Experienced Surgeons 
Item Pre (range) Post (range) p value Pre (range) Post (range) p value 
1 2(L4) 5.5 (4-7) 0.002 6 (4-7) 7(6-7) 0.016 
2 2(1^0 5 (4-7) 0.002 6.5 (5-7) 7(6-7) 0.058 
3 3 0 4 ) 5.5 (4-7) &002 6 (5-7) 7 ( 6 J ) 0.02 
4 2(L4) 6(5-7) 0.002 4 (3-5) 6.5 (5-7) 0.002 
5 2(L3) 6 (5-6) 0.002 6 (5-7) 7(6-7) 0.011 
6 2 ( L j ) 6 (4-6) 0.002 7(5-7) 7(6-7) 0.046 
7 1.5 (1-2) 5 (4-6) 0IW2 6(5^1 7(&J) 0.008 
8 2(L4) 5.5 (4-7) 0.002 7(6-7) 7 (6-7) 0.083 
MIQ 
global 
score 
16.5 (12-20) 44(41-80) 0.002 47.5 (46-49) 54.5 (52-56) 0.002 
229 
Table 9.6 Mental Imagery Questionnaire (MIQ-NTS) scores for non-technical skills pre 
and post MP training (median and range; Wilcoxon test) 
Novices Experienced Surgeons 
Item Pre (range) Post (range) p value Pre (range) Post (range) p value 
1 2 ( 1 4 ) 6(5-7) 0.002 6 ( ^ J ) 7 (6-7) 0.14 
2 2 ( L 3 ) 6(5-7) 0.002 5.5 (4-7) 6.5 (6-7) 0.008 
3 3(2-4) 5.5 (5-7) 0.002 5 (4-6) 6(5-7) 0.007 
4 2 ( L j ) 5.5 (3-7) 0.002 6(5-7) 6(5-7) 0.059 
5 2 ( T j ) 6(5-7) 0.002 6(5-7) 7(6-7) 0.038 
6 2 ( L j ) 5 (5-6) 0.002 6 (4-6) 7(6-7) 0.021 
7 2.5 (2-4) 5(5-6) 0.002 5 (5-6) 6(5-7) 0.068 
8 3 (2-3) 6(5-7) 0.002 7(6-7) 7 (6-7) 0.083 
MIQ-
NTS 
global 
score 
17.5 (15-21) 46.5 (40-49) 0.002 46.5 (43-52) 51.5 (50-54) 0.002 
Comparing novice vs. experienced surgeons before training, experienced surgeons 
scored significantly higher than novices on all aspects (items) of their imagery 
experiences (all ps < 0.001) - using both the MIQ and MIQ-NTS. 
Following MP training, experienced surgeons still outperformed the novices, but the 
difference was now smaller. Therefore, although the imagery of both groups was 
enhanced following MP, a greater degree of improvement was seen in novice surgeons 
whose imagery ability following MP training approached that of expert surgeons. This 
pattern is graphically depicted in Figure 9.8 and 9.9. 
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Figure 9.8 Mental Imagery of surgeons pre and post MP training (using MIQ) 
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Figure 9.9 Mental Imagery of surgeons pre and post MP training (using MIQ- NTS) 
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Finally I found high correlations between the scores for MIQ and MIQ-NTS indicating 
the two questionnaires adequately captured mental imagery (Fig 9.10 and 9.11). 
50.00-
40.00-
w 30.00-
20.00-
Spearman iho = 0.875, pO.Ol 
40.00 50.00 20.00 30.00 
MIQ global score pre MP training 
Figure 9.10 Correlation between MIQ and MIQ-NTS pre MP training 
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O 40.00-
0 
S 30.00-
3 20.00-
Speannan mo = 0.854, pcO.Ol 
20.00 30.00 40.00 50.00 
MIQ global score post MP training 
60.00 
Figure 9.11 Correlation between MIQ and MIQ-NTS post MP training 
232 
9.6 Discussion 
This study adapted the previous mental practice training script to include imagery of 
non-technical skills. Using a multi-modal development process (literature review, 
interviews and expert focus group), ensured that the resultant script would contain the 
relevant content domain for non-technical skills in the OR that could improve safety 
and reduce stress. Furthermore, I validated this script by showing that it improved the 
imagery of novice and experienced surgeons. Importantly I went beyond the previous 
study by showing that the imagery of the non-technical aspects as well as that of the 
technical aspects of the procedure improved. I also showed that both the MIQ and the 
newly developed MIQ-NTS used to assess the imagery experiences exhibited adequate 
reliability (in the form of internal consistency) and construct validity (as it differentiated 
successfully the superior imagery of an expert from that of a novice). 
Interestingly, as with the previous study I found again that expert surgeons had stronger 
imagery experiences for non-technical skills than novices. This fits with our prior 
explanation that experts have greater familiarity with preparing themselves for 
perfuming a procedure, managing a team, making decisions etc and thus find it easier to 
imagine themselves performing it. What this study did confirm however was that a 
short period of MP could improve the imagery of non-technical skills for more junior 
surgeons i.e. imagery ability is trainable. The present study suggests that MP allows 
some of the strategies that are learnt with experience to be distilled and communicated 
to junior trainees, with a view to enhancing their learning. From this perspective, MP 
could also help impart some of the stress management strategies employed by senior 
surgeons too. 
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A further finding of note is that when the global mental imagery scores of surgeons 
using the MIQ in this chapter are compared to the global mental imagery scores of 
surgeons who used the MIQ in chapter 7, it can be seen that they are remarkably 
similar. This provides additional validation of our MP script i.e. when used by different 
surgeons in two different studies, the empirical results on their imagery was very 
similar. 
There are of course limitations to this study, many of those similar to chapter 7 in terms 
of single procedure (LC) and no effect shown upon actual performance. In addition to 
this although I reviewed the literature from our research group and used the opinion of 
experts in patient safety to add content domain to the framework, it could be that 
several factors may not have been included. Further content and face validation of the 
framework is required with surgeons and with the use of other literature to ensure it 
captures most of the non-technical skills required in the OR. Finally an improvement 
would be to interview farther surgeons using a cognitive walk-through approach with a 
specific aim of asking them to imagine the non-technical aspects of the procedure. This 
may yield additional imagery cues that enhance non-technical performance which could 
be incorporated into the revised script. 
9.7 Conclusion 
This study successfully adapted and validated the use of a revised MP protocol for 
laparoscopic cholecystectomy. It also showed that MP significantly enhanced surgeons' 
imagery of both technical and non-technical skills. Previously it has been demonstrated 
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in chapter 8 that MP improves technical performance of medical students in a static 
skills lab. What remains to be determined is whether MP has any effect upon technical 
and non-technical performance, as well as the stress levels of real surgeons, in an 
environment which closely approximates the real OR. 
This is the focus of the final empirical chapter. 
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10 A MENTAL PRACTICE INTERVENTION TO 
REDUCE STRESS AND IMPROVE TECHNICAL AND 
NON-TECHNICAL PERFORMANCE IN HIGH 
FIDELITY SIMULATION 
10.1 Chapter Outline 
This final empirical chapter draws together all the existing work within this Thesis to 
formally evaluate a stress management intervention for surgeons. The development of 
safe, high-fidelity simulation and of realistic scenarios which mirror actual clinical 
practice is firstly described. The mental practice intervention to provide stress-
management skills within this simulation-based environment is then explored through a 
prospective randomised intervention study. Assessment of technical and non-technical 
skills as well as of stress is used to finally evaluate the intervention to determine to what 
extent it can reduce stress and enhance performance - the ultimate aim of this Thesis. 
10.2 Introduction 
Surgery is a stressful occupation, taking place within a complex, high-pressured and 
potentially hazardous environment. Work in this Thesis thus far has identified an array 
of stressors (procedure-related, equipment-related, environment-related and team-
related) which impact upon surgeons as they operate (chapter 3). These can impose 
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considerable pressure on surgeons (especially those in training), compromising 
performance and affecting the quality of patient care. In order to improve this situation, 
it is important to accurately measure stress. As a result ISAT was developed as a crucial 
component of this Thesis (chapter 4). This composite stress measurement, combines 
physiological measures (salivary Cortisol and heart rate variability) and self-report 
(STAI questionnaires) to capture stress in a reliable and valid manner. A formal 
Training Needs Analysis established that surgeons strongly believe that stress training is 
important (chapter 5). Key elements of a stress management training programme 
include feedback on technical as well as non-technical performance, and a strong 
emphasis on simulation and mental rehearsal. Subsequently, mental practice was 
developed and evaluated as intervention to provide effective, structured and affordable 
training in intra-operative stress management (chapter 7). This was shown to enhance 
technical performance and reduce stress in novice surgeons in a skills lab setting 
(chapter 8). Although MP has also been shown to enhance imagery of non-technical 
skills for more experienced surgeons (chapter 9), whether this enhanced imagery can 
actually lead to lower levels of stress and better performance remains unknown. This 
question is crucially important because safe surgery depends on a combination of 
technical and non-technical skills - both of which can be impaired by acute stress. 
10.3 Choosing high-fidelity simulation as the experimental setting 
Although some degree of surgical stress is universal and ever-present, highly stressful 
events are infrequent. My observational work confirmed that such events, although 
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critically important, are difficult to study 'in the wild'. Much more common is a build-
up of smaller elements which, if unchecked, can combine to create an adverse outcome. 
It was therefore essential to develop an experimental setting for detailed study. 
Moreover, for obvious ethical reasons, it was not possible to use real operations as a 
setting for experimentation. For example, it was not at all viable to deliberately cut the 
patient's artery to determine how a trainee reacts to this stress. Waiting for such a 'crisis 
moment' to occur by chance alone would have been equally not feasible. 
To overcome this and in order to recreate authentic stressors, I therefore chose to use 
immersive simulation as a proxy for the clinical setting. Such high fidehty simulation 
allowed me to recreate the pressures of actual practice within a safe environment where 
variables could be manipulated and responses documented without endangering 
patients. This was particularly important to recreate a team based setting where I could 
study the effect of stress and the impact of the intervention on surgeons' non-technical 
skills as well as upon psychomotor performance. The importance of these non-technical 
skills is highlighted in the argument that errors in the OR are rarely due to deficiencies 
in technical performance. They are more likely to result from impaired decision 
making, absence of situation awareness, interpersonal conflicts and crucially, from the 
inability to handle stress. Any stress management intervention should therefore aim to 
improve performance in non-technical skills. Conducting my experiment in a team-
based high fidelity simulation allowed me to determine if this was so. For these reasons 
outlined above, I chose to use the high-fidelity Simulated Operating Theatre (SOT) 
located within my department for this study. 
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10.4 Methods 
10.4.1 Study setting - the Simulated OR 
This study took place in a SOT (figure 10.1) - an accurate recreation of a real OR 
which allows behaviours to be observed and analysed in real time as well as recorded 
for future review and evaluation. The SOT is a high-fidelity arena which acted as a 
proxy for the real clinical setting, where participants had the opportunity to practice 
their crisis management skills in a safe environment without endangering patients. 
Figure 10.1 Simulated Operating Theatre 
The facility itself is equipped with a full Storz ORl digital imaging system as well as 
wall-mounted cameras that feed audio and video data into a Clinical Data recorder. This 
allows for the capture of 4 images into a single screen (Lapmentor image, feed from the 
anaesthetic monitor and 2 views of the team), allowing assessors to view the patient 
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parameters in synchronization with occurrences in the SOT from the control room 
(figure 10.2). 
Figure 10.2 Clinical Data Recorder showing Four A V Images 
This control room adjoins the SOT and it is from here that scenario performance and 
debriefing is managed (figure 10.3). Within this study, trainers and psychologists were 
seated in this control room from where they could view and rate the performance of the 
surgeon in real time through a one way mirror. 
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Figure 10.3 Control Room adjoining the Simulated Operating Theatre 
As well as containing the standard equipment required to replicate an OR (eg 
laparoscopic stack, instrument tray, anaesthetic machine, suture trolley), one of the 
primary features of the SOT is an anaesthetic simulator (SimMan, Laerdl, UK). This is 
a mannequin-based simulator whose hemodynamic data are displayed on a monitor 
fixed to the anaesthetic machine. Importantly, these hemodynamic parameters can be 
manipulated in response to the trainee's actions by using software installed on a 
computer located in the control room. A previously validated Virtual Reality Lapmentor 
simulator(Aggarwal et al., 2009) was embedded between the two parts of the 
mannequin-simulator (figure 10.4) and then covered with surgical drapes to resemble an 
anesthetized patient (figure 10. 5). Lapmentor is a full procedural simulator that allows 
a surgeon to perform a full Laparoscopic Cholecystectomy in the Virtual Reality 
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environment. Typically however this simulator is only used in a static skills lab. My 
study was the first to contextualise it in a team based setting which is as realistic to the 
OR as possible. 
m 
Figure 10.4 Lapmentor embedded in SimMan Figure 10.5 Draped Simulators 
This set up in the SOT with its high fidelity audio and video recording technology was 
used as the platform for the simulated scenarios and for the evaluation of the MP 
intervention. 
For the purposes of this study, professional actors were trained to play the role of the 
team-members in the SOT i.e. Anaesthetist, Scrub Nurse, Surgical Assistant and 
Circulating nurse. This approach was employed for several reasons. First of all, as these 
actors remained consistent in their 'perfonnance' across simulations, I could ensure a 
degree of standardization across the subjects thereby allowing results to be comparable. 
Second, the use of professional actors is not only validated as an approach to t eam-
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simulations(Nestel et al., 2009, Nestel D et al., in press), it also reduces the reliance on 
busy clinicians whose primary commitment to service delivery often results in 
simulations being cancelled at the last-minute. To train these actors, simulated roles 
were developed highlighting the affect, mannerisms, and script containing common 
phrases the respective team-member might say throughout the scenario. The actor-
training (figure 10.6) itself was primarily done by another member of the research team 
(Kassab et al); it is therefore not reported as primary work within this Thesis. 
Figure 10.6 Actor training for team simulation 
10.4.2 Scenario Development 
For the actual content of the simulation, a crisis scenario with embedded stressors was 
developed based upon my own experience in the OR and the common stressors elicited 
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from the prior studies in thesis (appendix). Case information presented to the surgeon 
beforehand highlighted that the patient had acute cholecystitis and a history of angina 
and respiratory problems (adding the stressor of patient complexity). The actors were 
also trained to be deliberately difficult (adding the stress of a dysfunctional team) and 
key pieces of equipment were removed from the instrument trolley. Finally the intra-
abdominal pressure was raised to above its normal limit on the laparoscopic stack. In 
total therefore four stressors were added, representing the key stress domains identified 
by my previous work. These were: (1) patient/procedure-related (e.g., difficult 
anatomy); (2) equipment-related (e.g., missing endobag and grasper); (3) environment-
related (e.g., distractions, bleep, phone calls); and (4) teamwork-related (e.g. 
uncooperative scrub nurse and/or anaesthetist). 
10.4.3 Subjects 
Thirty-two surgeons (16 inexperienced <10 LCs, 16 experienced > 1 0 0 LCs) were 
recruited from three London hospitals using purposive sampling. Table 10.1 shows the 
demographics of these surgeons. Ethical approval was obtained and all participants 
provided informed consent prior to the start of the study. Participants were only eligible 
to be included if they had no previous history of neuro-endocrine, psychiatric or 
cardiovascular disturbance and were not taking any medications. 
10.4.4 Study procedure/design 
This study employed a randomised controlled design (Figure 10.7). 
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32 Surgeons 
recruited 
Baseline skills 
testing (n=32) 
i 
Familiarization in 
SOT (n=32) 
Allocation 
Completed study 
Mental Practice 
(n=16) 
Randomization 
Mental Practice 
(n=16) 
Control 
(n=16) 
Control 
(n=13)* 
'Three participants withdrew due to scheduling difficulties 
Figure 10.7 Randomised Controlled Study Design 
In the first instance, a validated Minimally Invasive Surgical Trainer—Virtual Reality 
(MIST-VR; Mentice Inc.,CA,USA) was used to assess baseline skills of all 
subjects(Gallagher et al., 2004, Gallagher et al., 1999). This ensured that surgeons in the 
MP and control group were comparable in terms of basic psychomotor skills. 
Following this, all subjects were introduced to the SOT where they were able to practice 
a Laparoscopic Cholecystectomy (LC) on the Lapmentor. This provided an opportunity 
for familiarization with the simulation environment and ensured that all subjects were 
able to perfonn the tasks required for a LC. 
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After this initial period of familiarization, each subject was randomly assigned using 
the closed envelope technique to either the intervention (MP group) or the control 
group. After receiving intervention or control, each subject completed the Mental 
Imagery Questionnaire. Prior to commencing the actual simulation, each surgeon was 
equipped with the polar HR monitor which they wore as a chest strap. A salivary 
sample was also taken at this point using the salivettes and subjects completed the short 
STAI questionnaire. Care was taken to ensure that the salivary sample for all subjects 
was taken at the same time each day so as to minimise bias form the diurnal variation in 
Cortisol. Each subject was briefed about the patient scenario before entering the SOT 
where they scrubbed, gowned and gloved. The surgeon then performed the LC within a 
team based setting with extraneous stressors superimposed. A Consultant Anaesthetist 
manipulated the 'patient's' haemodynamc parameters from computer software within 
the control room in response to the surgeon's actions in the SOT. Expert raters assessed 
performance in real time from the adjoining confrol room. At the end of this simulation 
a post-task salivary sample was taken and the STAI questionnaire was completed by the 
subjects. After receiving a debriefing on their performance from the expert assessors, 
surgeons also completed an evaluation form for this experience. 
10.4.5 Control group 
Prior to conducting the crisis simulation, each subject within the control group had 30 
minutes of faculty contact time where they conducted an online academic activity, 
unrelated to performing a LC. 
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10.4.6 Mental Practice group 
The intervention group underwent 30 minutes of MP training delivered by myself using 
an evidence-based protocol (chapter 7). Briefly, this consisted of firstly guiding each 
subject through the procedure using the previously validated MP script modified to 
include the imagery of non-technical skills (chapter 9). The subject was then asked to 
visualise themselves performing the procedure, 'thinking through' any stressors they 
might encounter and how they would overcome them. External self-talk was used to 
assess the degree of concordance to the script. 
10.4.7 Outcome measures 
The primary outcome measure was stress which was captured using the Imperial Stress 
Assessment Tool. This accurately measures the subjective and objective response to 
stress. Briefly it comprises of HR, Cortisol and the STAI questionnaire. Evidence for its 
reliability and validity can be found in the preceding chapters of this Thesis. 
The other outcome measures were the technical and non-technical performance of the 
subjects. Regarding the former, all LCs were video recorded and blindly assessed by 
two experienced laparoscopic surgeons and trained raters (RA, DM), using the generic 
OSATS-based global rating scale (figure 10.8). This is a widely validated scale 
consisting of seven items, each scored on a 5-point Likert scale (Martin et al., 1997). A 
total summed score between 7 and 35 is awarded, with 7 representing the poorest 
performance and 35 reflecting excellent performance. Such video-based assessments 
have been shown to be a reliable and valid method of measuring technical 
skills(Aggarwal et al., 2007). 
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General Skill 1 2 3 4 5 
Respect For 
Tissue 
Frequently used 
unnecessary force on 
tissue or caused damage 
by inappropriate use of 
instruments 
Careful handling of 
tissue but 
occasionally caused 
inadvertent damage 
Consistently handled tissues 
appropriately with minimal 
damage 
Time & Motion Many unnecessary moves Efficient time/motion 
but some 
unnecessary moves 
Economy of movement and 
maximum efficiency 
Instrument 
Handling 
Repeatedly makes tentative 
or awkward moves with 
instruments 
Competent use of 
instruments although 
occasionally 
appeared stiff or 
awkward 
Fluid moves with instruments 
and no awkwardness 
Knowledge of 
Instruments 
Frequently asked for the 
wrong instrument or used 
an inappropriate instrument 
Knew the names of 
most instruments and 
used appropriate 
instrument or the task 
Obviously familiar with the 
instruments required and 
their names 
Use of 
Assistants 
Consistently placed 
assistants poorly or failed 
to use assistants 
Good use of 
assistants most of the 
time 
Strategically used assistant to 
the best advantage at all 
times 
Flow of 
Operation & 
Forward 
Planning 
Frequently stopped OR 
needed to discuss next 
move 
Demonstrated ability 
for forward planning 
with steady 
progression of 
operative procedure 
Obviously planned course of 
operation with effortless flow 
from one move to the next 
Knowledge of 
Specific 
Procedure 
Deficient knowledge. 
Needed specific instruction 
at most operative steps 
Knew all important 
aspects of the 
operation 
Demonstrated familiarity with 
all aspects of the operation 
Figure 10.8 Objective Structured Assessment of Technical Skills (OSA TS) 
Regarding non-technical performance, this was assessed in real-time by two trained and 
calibrated raters (NS, LH) within the control room, blinded as to whether the surgeon 
was in the intervention or control group. Real- time assessment was used as there is no 
current evidence that in the case of non-technical skills, using videos is reliable or 
indeed valid. 
Non-technical skills were rated using the surgical Observational Teamwork Assessment 
for Surgery (OTAS) tool (figure 10.9). OTAS is a reliable and validated measure of 
non-technical skill developed by Imperial College. It assesses five teamwork-related 
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behaviours : commun ica t i on , leadership, coopera t ion , coord ina t ion and moni tor ing . 
Each behav iou r w a s scored on a 7 -po in t scale wi th c lear ly de f ined anchors . Behav ioura l 
exemplars w e r e u s e d to gu ide the rat ings. Th i s par t icu lar m e a s u r e was chosen because 
one of the or iginal tool deve lopers (NS) w a s p re sen t fo r the course o f this s tudy and 
therefore able to act as one of t w o exper t ra ters . 
Surgical team Exemplar Behaviours Rating 
Communication • Asks team if all prepared to begin operation 
• Requests & instructions to team communicated clearly and 
effectively 
• Provides information to whole team on progress 
• S informs the team of technical difficulties and/or changes of 
plan 
Coordination • Surgeons' co-ordinate assistance use of equipment such as 
camera or retractor. 
• Contribute to smooth exchange of instruments and 
provisions with SN 
Cooperation/ 
Back up 
behaviour 
• Responds to questions and requests from Nursing team 
• Responds to question & requests from Anaesthetic team 
• Helps with smooth instrument exchange with SN 
• Supports S-group assistants/compensates for lack of 
experience 
Leadership • Instructions and explanations provided to assistants 
• Advices A-team or N-team to call for help if required. 
• Supervision provided for staff lacking familiarity with tasks or 
equipment 
• Assertive in controlling noise and distractions in OR. 
Monitoring/ 
Situational 
Awareness 
• Surgeon asks anaesthetist about patient condition 
• Asks Scrub Nurse if swabs, needles, and instrument count 
correct. 
Figure 10.9 Observational Teamwork Assessment for Surgery (OTAS) 
Menta l image ry w a s assessed u s i n g the va l ida ted M e n t a l I m a g e r y ques t ionnai re ( M I Q ) 
that served as the man ipu la t ion check fo r this s tudy(Arora et al., 2009a) . Th is conta ined 
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8 items, each scored on a Likert scale of 1 to 7, giving a total summed score of 
between 8 and 56. Items assessed mental readiness, knowledge, confidence, visual 
imagery and kinaesthetic imagery. Subjects completed the MIQ immediately after 
receiving MP or control - just before they performed the crisis simulation. The MIQ-
NTS was not chosen to be used for this study for two reasons: firstly it had already 
demonstrated concurrent validity with MIQ (chapter 9) and secondly, seeing as this was 
the case, from a logistical perspective using both questionnaires in such a complex 
study was deemed both unpractical and potentially confusing to participants. 
Finally at the end of the study, subjects also completed a questionnaire designed to 
assess the face and content validity of the simulation as well as their satisfaction. 
10.4.8 Data Analyses 
Ail descriptive statistics were analysed using SPSS v. 17.0. In accordance with the non-
parametric nature of the data, in the first instance, a Mann-Whitney test was used to 
ensure that the inexperienced surgeons allocated to the control and intervention group 
were comparable in terms of baseline technical skill (as tested on the MIST-VR 
simulator). The same test was then repeated for the experienced surgeons to ensure they 
too were comparable across both groups. 
Next, inter-rater reliabilities between the pairs of expert raters were calculated using 
Cronbach alpha for both the technical outcome measure (OSATS) and the non-technical 
outcome measure (OTAS). This ensured reliability of ratings before proceeding further. 
The following tests were then conducted in attempt to answer the research question i.e. 
whether MP reduced stress and enhanced performance. All tests were initially 
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conducted for all surgeons, followed by separate sub-group analyses for inexperienced 
then experienced surgeons. 
• A Mann-Whitney test was used to determine whether there was any significant 
difference between the MP and control group for mean HR, max HR, Cortisol 
pre performance, Cortisol post performance, STAI pre, STAI intra and STAI 
post. 
• A Maim- Whitney test was used to determine whether there was any significant 
difference between the MP and control groups in terms of technical performance 
(OSATS) and non-technical performance (OTAS). A further Mann-Whitney 
was then used to determine whether there was any effect of expertise on these 
performance measures within each group. 
Finally another Mann-Whitney test was used to determine whether the MP group had 
significantly better imagery - serving as the manipulation check for this study. The 
same test was used to determine if there was any effect of expertise within each group. 
In addition, correlational analyses (Spearman rho) were used to correlate: 
• The three stress indicators (ISAT) to determine whether I was accurately 
detecting mental stress 
• The stress indicators to the performance measures (OSATS, OTAS and 
Imagery) to determine whether there was any effect of stress on performance 
• The 3 performance measures (OSATS, OTAS and imagery) against each other 
to explore their inter-relationships. 
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10.5 RESULTS 
Baseline skills of all participants are presented first followed by inter-rater reliabilities 
for the two scales of performance. Next the findings regarding the effects of MP on 
stress are described followed by the effects of MP on technical and non-technical 
performance. The results of the manipulation check are then highlighted. Following this 
the correlations for ISAT are presented. Finally the relationship between stress and 
performance is presented as well as the inter-relationships between the outcome 
measures of both technical and non-technical performance. 
10.5.1 Demographics and baseline skills of participants 
Table 10.1 shows there were no baseline differences between subjects allocated to MP 
or control group suggesting that they were comparable. This lack of pre-existing 
differences meant that any findings could be attributable to the intervention and not to 
any prior skill differences. 
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Table 10.1 Demographics and baseline skills of participants 
Variable MP Control P value 
Experience <10LCs <10 LCs 
PG Year 2-5 2-5 
Age 30 (28-34) 32 (28-41) 
Inexperienced Gender 5M:4F 3M: 4F 
surgeons 
Econ motion 5.4 (3.6-8.7) 6.5 (4.1-6.6) 0.727 
Time taken 37.4(33.5-51.9) 41 (36.9-49.7) 0.224 
Total errors 68.5 (57-83) 6 9 ( 3 1 4 5 6 ) 0.770 
Experience > 100 LCs > 100 LCs 
PG Year >5 >5 
Experienced Age 36(33-61) 34 (32-49) 
surgeons Gender 6M: IF 6M 
Econ motion 4.4 (3.5-4.6) 4.0 (3.4-6.0) 0.293 
Time taken 44.9 (22-78.5) 30.0(25.1-50.2) 0.200 
Total errors 38(21-56) 47.5 (16-84) 0.522 
10.5.2 Inter-rater reliabilities 
The inter-rater reliability of technical skills assessed by the two blinded expert surgeon 
raters (RA, DM) using OSATS was Cronbach alpha=0.838. Inter-rater reliability of 
non-technical skills assessed by 2 independent blinded psychologist raters (NS, LH) 
was also very good (0.746). 
Importantly even though this was a complex assessment of behaviours, the reliability 
for every sub-scale of OTAS was high (Cronbach alpha): Communication (0.868), Co-
ordination (0.766), Co-operation (0.733), Leadership (0.812) and Monitoring (0.764). 
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This showed that the ratings for each of the two outcome measures were robust 
lending credibility to the findings. 
10.5.3 The effects of mental practice on stress 
Table 10.2 demonstrates the levels of stress experienced by the participants in both the 
MP and control group. Taking the objective indicators first it can be seen that for all 
surgeons, the mean and max HR was significantly lower in the MP group. This result 
remained significant for both the inexperienced and experienced surgeons when 
analyses were conducted at sub-group level. Regarding the Cortisol measurement taken 
at the start of the simulation, there was no significant difference between the 2 groups. 
This is important because it suggests that neither group was more or less stressed than 
the other at the start of the study (which could have biased subsequent findings). For the 
Cortisol assessment at the end of the simulation, it can clearly be seen that the MP 
group had significantly lower levels of Cortisol. Taken together with findings from the 
HR measurement, it can be reasonably concluded that objectively, MP did reduce stress 
in both experienced and inexperienced participants. 
Looking at the subjective assessment of stress captured with STAI, it can be seen that 
there was no difference in self-reported stress immediately before simulation (which as 
with the pre Cortisol above, is important to be equal between groups) but also there 
remained no significant difference between the MP and control groups in terms of their 
self-reported stress for both during (STAI intra) and immediately after (STAI post) the 
simulation. In fact when looking at effect sizes in table below it can be seen that during 
the simulation the MP group reported higher levels of stress than the controls not lower 
as expected. 
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In s u m m a r y then the findings fo r the e f fec t o f M P on stress are m ixed ; ob jec t ive ly M P 
lowered s tress levels bu t subjec t ive ly this w a s no t so clear. Potent ia l r easons fo r this 
m i x e d p ic ture are ana lysed in detail in the d iscuss ion . 
Table 10.2 Effects of MP on objective and subjective stress 
Item MP 
median (range) 
Control 
median (range) 
p value 
HR mean All Surgeons 84 (68-96) 94 (78-102) 0.001 
Inexperienced 8^1 (68-96) 92(78-102) 0.049 
Experienced 84 (74-92) 97 (86-102) 0.006 
HR max All Surgeons 108.5 (98-122) 127 (98-142) 0.001 
Inexperienced 114(98-122) 127 (115-142) 0.013 
Experienced 105 (98-114) 128 (98 -139) 0.038 
Cortisol pre All Surgeons 3.99 (1.54-8.90) 5.76 (1.80-9.89) 0.322 
Inexperienced 4.65 (1.54-6.89) 6.04 (2.72-9.89) 0.105 
Experienced 3.91 (1.56-8.90) 2.64 (1.80-9.78) 0.668 
Cortisol post All surgeons 3.30 (1.06-5.28) 7.77(2.11-16.73) 0.001 
Inexperienced 3.46 (1.49-5.28) 7.80(2.11-16.73) 0.008 
Experienced 3.30(1.06-4.62) 6.51 (2.82-11.49) 0.032 
STAI pre All surgeons 10(6-14) 10 (6-13) 0.807 
Inexperienced 9(6 -12 ) 10 (7-13) 0.335 
Experienced 11 (8-14) 8.5(6-12) 0.218 
All Surgeons 15.5(10-20) 13(11-21) 0.522 
STAI intra Inexperienced 16 (12-20) 13 (12-21) 0.391 
Experienced 14(10-19) 14.5(11-18) 0.886 
All Surgeons 10.5(6-16) 10(6-16) 0.426 
STAI post Inexperienced 10(6-16) 10(6-15) 0.515 
Experienced 13 (7-16) 10.5(6-16) 0 3 8 9 
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10.5.4 The effects of mental practice on technical performance 
As indicated by my interview study, for any stress management intervention to be 
acceptable to the surgical community, it must also be seen to have a positive effect on 
technical performance. The effects of my intervention on technical skills can be seen in 
table 10.3. This shows that overall the MP group were significantly superior to the 
control group in terms of technical performance. These differences remained significant 
when analysing the individual sub-groups. This suggests that MP is equally effective 
regardless of surgeon expertise. However, regardless of whichever group they were in, 
experienced surgeons had a significantly higher score than their more junior 
counterparts (figure 10.10). 
Table 10.3 Technical pefformance of surgeons in MP and Control groups 
MP Control p value 
median (range) median (range) MP vs Control 
All surgeons 25.0(17-33) 19.5 (14-28) 0.001 
OSATS 
based 
Global 
Experienced 
Surgeons 
28.0(20-33) 22.5(16-28) 0.006 
Rating 
Scores 
(7-35) 
Inexperienced 
surgeons 
22.5(17-33) 18 (14-23) 0.001 
p value 0.012 0.005 
Experienced vs. 
Inexperienced 
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Figure 10.10 MP improves technical performance in crisis simulation for inexperienced and 
experienced surgeons 
10.5.5 The effects of mental practice on non-technical skills 
Looking back over this Thesis, it can be seen that the effects of stress on performance 
extend beyond just technical skills. The systematic review, interviews and observations 
all highlight that stress can also lead to a breakdown in non-technical skills. To improve 
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safety in the OR, it is imperative then that any stress management intervention also 
enhances non-technical performance - especially in a crisis. 
Table 10.4 shows that with regards to their non-technical skills, the MP group were 
significantly superior to the control group. This beneficial effect of the intervention was 
apparent in both experienced and inexperienced surgeons. Interestingly, there was no 
significant difference between the seniors and juniors in the MP group although this 
effect of expertise was found in the control group. 
Table 10.4 Non-Technical performance of surgeons in MP and Control groups 
MP 
median (range) 
Control 
median (range) 
p value 
MP Control 
All surgeons 25 (15-30) 19.5 (13-25) 0.001 
OTAS 
overall 
score 
Experienced 
Surgeons 
28 (23-30) 21.5 (19.5-25) 0.008 
Inexperienced 
surgeons 
25 (15-30) 16(13-23) 0.012 
p value 
Experienced vs. 
Inexperienced 
0.164 0.018 
258 
30.00-
25.00-
d) 20.00-
8 
CO 
h" 
® 15.00-
10.00-
5.00-
expenence 
• junior 
• senior 
P=0.012 
P=0.008 
I 
Control 
T 
MP 
Expe rime ntal_Condition 
Figure 10.11 MP improves non-technical performance for inexperienced and experienced 
surgeons 
Importantly, this improvement in non-technical performance in the MP group was seen 
in every category of non-technical skill. Communication, co-ordination, co-operation, 
leadership and monitoring were all significantly higher in the M P group compared to 
the control group - for both inexperienced and experienced surgeons. From this it can 
be concluded that MP is highly effective as an intervention to enhance non-technical 
performance in a crisis scenario. 
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Table 10.5 Non-technical performance for each sub-scale of OTAS 
Item MP 
median (range) 
Control 
median (range) 
p value 
Communication All Surgeons 5 (1-6) 3 (2-5) 0.001 
Inexperienced 5(1-6) 3 (2-5) 0.02 
Experienced 5 (4-6) 3.5 (2.5-5) 0.01 
Co-ordination All Surgeons 5 (4-6) 4(3-5) 0.001 
Inexperienced 5 (4-6) 3(3-4) 0.004 
Experienced 5 (5-6) 4 (4-5) 0.009 
Co-operation All Surgeons 5 (3-6) 5 (3-5) 0.024 
Inexperienced 5 (3-6) 4 (3-5) 0.04 
Experienced 5 (5-6) 5 (5-5) 0.08 
Leadership All surgeons 5 (2-6) 4(2-5) 0.015 
Inexperienced 4(24% 3 (2-5) 0.09 
Experienced 6 (4-6) 4 (4-5) 0.02 
IWonitoring All Surgeons 5 (4-6) 4(1.5-5) 0.002 
Inexperienced 5 (4-6) 3(1.5-4) 0.003 
Experienced 5 (5-6) 5 (2.5-5) 0.05 
10.5.6 Imagery Analysis 
Table 10.6 shows M P significantly improved the mental imagery of all surgeons, 
regardless of their expertise. This is important because it acts as the manipulation check. 
The findings confirm that the MP group were actually superior in terms of their imagery 
- rather than assuming this was the case simply because I had administered the 
intervention. Furthermore, it can also be seen that following MP training, there was no 
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significant difference between the imagery of experienced and inexperienced surgeons. 
In the control group, experienced surgeons had significantly better imagery. 
Table 10.6 Improved imagery in MP group 
MP 
median (range) 
Control 
median (range) 
p value 
MP vs Control 
All surgeons 48 (42-53) 40 (28-47) 0.001 
Global 
Mental 
Imagery 
Score 
Experienced 
Surgeons 
49.5 (42-53) 44 (38-47) 0.028 
Inexperienced 
surgeons 
47 (43-51) 37.5 (28-43) 0.001 
p value 
Experienced vs. 
Inexperienced 
0.313 0.040 
When examining the individual components of imagery (table 10.7), it can be seen that 
all surgeons significantly improved in their confidence and in all aspects of their 
imagery (Visual, kinaesthetic and mental readiness) but more importantly, they all 
found the intervention significantly more useful than those who had received control. 
Inexperienced surgeons also improved in their knowledge of the procedure after 
receiving the intervention. 
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Table 10.7 Differences between MP and control group for each component of mental 
imagery 
Item MP 
median (range) 
Control 
median (range) 
p value 
Knowledge All Surgeons 6 (5-7) 5 (4-7) 0.066 
Inexperienced 6(5-7) 4 (4-6) 0.005 
Experienced 6 (5-7) 7(5-7) 0.426 
Confidence All Surgeons 5.75 (4.5-7) 5 (3-6) 0.005 
Inexperienced 5.5 (4.5 -6) 4.5 (3-5.5) 0.009 
Experienced 6 (5-7) 5.5 (5-6) 0.176 
Mental All Surgeons 6 (5-7) 5 (2-7) 0.004 
Readiness 
Inexperienced 6(5-7) 5 (3-5) 0.006 
Experienced 6 (5-7) 6 (2-7) 0.378 
Visual imagery All surgeons 6p>7) 5 (3-6) 0.006 
Inexperienced 6(5-7) 5 (4-6) 0.036 
Experienced 6 (5-6.5) 5.5 (3-6) 0.079 
Kinaesthetic All Surgeons 6 (5-7) 5 (4-6) 0.005 
Imagery 
Inexperienced 6 (5-7) 5 (4-6) 0.046 
Experienced 6 (5-7) 5 (5-6) 0.062 
All Surgeons 6.5 (5-7) 5(3-7) 0.000 
Usefulness 
Inexperienced 6.5 (5-7) 4(3-7) 0.013 
Experienced 6.5 (5-7) 5 (4-6) 0.014 
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10.5.7 Correlational Analyses 
10.5.7.1 Correlations between Stress Indices (ISAT) 
T a b l e 1 0 . 8 s h o w s t h e c o r r e l a t i o n s b e t w e e n H R , C o r t i s o l a n d S T A I . F r o m t h i s i t c a n b e 
s e e n t h a t t h r e e o b j e c t i v e i n d i c a t o r s ( m e a n H R , m a x H R a n d C o r t i s o l p o s t s i m u l a t i o n ) 
s i g n i f i c a n t l y c o r r e l a t e d w i t h o n e a n o t h e r i n d i c a t i n g t h a t t h e y w e r e a l l d e t e c t i n g s t r e s s . 
T h i s p r o v i d e s f u r t h e r e v i d e n c e o f t h e c o n c u r r e n t v a l i d i t y o f 2 o u t o f 3 c o m p o n e n t s o f 
I S A T . H o w e v e r n e i t h e r o f t h e o b j e c t i v e i n d i c a t o r s c o r r e l a t e d w i t h S T A I s u g g e s t i n g t h a t 
t h e s u b j e c t i v e s e l f - r e p o r t i n g o f s t r e s s d i d n o t m a t c h t h e o b j e c t i v e f i n d i n g s . 
Table 10.8 Correlations between stress indicators (ISAT) 
Item H R H R C o r t i s o l C o r t i s o l STAI p r e STAI i n t r a STAI 
m e a n m a x p r e p o s t p o s t 
H R m e a n 1 0.504** - 0 . 0 0 9 0 . 5 4 0 * * 0 . 1 5 2 - 0 . 0 1 6 - 0 . 2 4 5 
H R m a x 0 . 5 0 4 * * 1 0^06 0.451* 0.076 - 0 . 1 2 8 - 0 . 1 6 1 
C o r t i s o l p r e - 0 . 0 0 9 0 . 3 0 6 1 0 . 4 1 6 * * 0 . 1 1 7 - 0 . 0 2 6 0 . 1 9 6 
C o r t i s o l p o s t 0.540** 0.451** 0.416** 1 0 . 1 6 3 - 0 . 0 0 9 - 0 . 2 4 4 
STAI p r e 0 . 1 5 2 0 . 0 7 6 0 . 1 1 7 0 . 1 6 3 1 - 0 . 0 0 2 0 . 1 2 6 
STAI i n t r a - 0 . 0 1 6 -0T28 - 0 . 0 2 6 - 0 . 0 0 9 - 0 . 0 0 2 1 0 . 4 8 6 * * 
STAI p o s t - 0 . 2 4 5 - 0 . 1 6 1 0 . 1 9 6 - 0 . 2 4 4 0 . 1 2 6 0 . 4 8 6 * * 1 
* * p < 0 . 0 1 
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10.5.7.2 Correlations between stress and performance 
From table 1 0 . 9 below, it can be seen that objective stress (as measured b y H R max and 
Cortisol post simulation), negatively correlated with non-technical skills. That is the 
higher the H R or Cortisol, the lower the non- technical performance. Both these 
objective indices also negatively correlated with imagery suggesting that better imagery 
was associated with less stress. There also appeared to be no significant relationship 
between stress and technical performance in this study. 
Table 10.9 Correlations between stress and performance 
Item O S A T S O T A S I m a g e r y 
H R m e a n 0 . 0 1 2 - 0 . 2 1 1 - 0 . 5 1 3 * * 
H R m a x - 0 . 3 4 9 - 0 . 4 6 5 * * - 0 . 5 6 3 * * 
C o r t i s o l p r e - 0 . 3 1 9 -0.237 - 0 . 2 4 7 
C o r t i s o l p o s t -0.295 - 0 . 6 1 7 * * - 0 . 5 5 4 * * 
S T A I p r e 11227 0 . 2 3 4 - 0 . 0 7 5 
S T A I i n t r a 0 . 0 0 1 0 . 0 0 6 0 . 1 1 6 
S T A I p o s t 0 . 1 1 8 0 . 2 3 4 0 . 1 1 5 
* * p < 0 . 0 1 
10.5.7.3 Correlations between performance measures 
T a b l e 1 0 . 1 0 d e m o n s t r a t e s t h a t i m a g e r y w a s p o s i t i v e l y a n d s i g n i f i c a n t l y a s s o c i a t e d w i t h 
b o t h t e c h n i c a l a n d n o n - t e c h n i c a l p e r f o r m a n c e . F u r t h e r m o r e , t h e r e w a s a h i g h l y 
s i g n i f i c a n t r e l a t i o n s h i p b e t w e e n t e c h n i c a l a n d n o n - t e c h n i c a l p e r f o r m a n c e - t h e h i g h e r 
t h e s c o r e o n o n e , t h e b e t t e r t h e s c o r e o n t h e o t h e r . 
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Table 10.10 Correlations between performance measures 
Item O S A T S O T A S I m a g e r y 
O S A T S 1 0.765** 0 /87* 
O T A S (1765** 1 0 . 3 7 8 * 
I m a g e r y 0/W7* 0.378* 1 
* * p < 0 . 0 1 * p < 0 . 0 5 
10.5.8 Evaluation of simulation 
T h e r e s u l t s o f t h e q u e s t i o n n a i r e a s s e s s i n g s u r g e o n s ' p e r c e p t i o n s o n a 6 p o i n t s c a l e 
c o n f i r m e d t h e p e r c e i v e d v a l i d i t y o f t h e s i m u l a t i o n , a s w e l l a s t h e i r v i e w s o n i t s 
p e r c e i v e d u s e f u l n e s s f o r l e a r n i n g , t r a i n i n g a n d a s s e s s m e n t . 
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Table 10.11 Evaluation of Simulation 
C a t e g o r y I t e m M e d i a n 
S c o r e 
( r a n g e ) 
F a c e T h e S O T i s a r e a l i s t i c r e p r e s e n t a t i o n o f a r e a l O R 5(4-6) 
V a l i d i t y T h e V R S i m u l a t o r i s a r e a l i s t i c r e p r e s e n t a t i o n o f a r e a l 
L a p a r o s c o p i c C h o l e c y s t e c t o m y 
4(2-6) 
T h e s c e n a r i o i s a r e a l i s t i c r e p r e s e n t a t i o n o f a r e a l c a s e 5(3-6) 
T h e s i m u l a t e d t e a m a r e a r e a l i s t i c r e p r e s e n t a t i o n o f a r e a l t e a m 5(3-6) 
C o n t e n t T h e s t r e s s o r s e n c o u n t e r e d a r e r e a l i s t i c o f a r e a l c a s e 5(3-6) 
V a l i d i t y I w o u l d b e h a v e t h e s a m e w a y i n r e a l l i f e 5(2-6) 
U s e f o r T h e s i m u l a t i o n e n h a n c e d l e a r n i n g m o r e t h a n r e a d i n g 5(4-6) 
L e a r n i n g I d i d t h i n g s I w o u l d n o t h a v e t h e c h a n c e t o p r a c t i s e o t h e r w i s e 5(3-6) 
K n o w l e d g e g a i n e d from t h e s i m u l a t i o n vyi l l b e u s e f u l f o r 5(4-6) 
e v e r y d a y p r a c t i c e 
U s e f o r T h e s i m u l a t i o n i s a g o o d m e t h o d f o r t r a i n i n g t e c h n i c a l s k i l l 5(2-6) 
T r a i n i n g T h e s i m u l a t i o n i s a g o o d m e t h o d f o r t r a i n i n g n o n - t e c h n i c a l s k i l l 6 ( 4 - 6 ) 
U s e f o r T h e s i m u l a t i o n i s a g o o d m e t h o d f o r a s s e s s i n g t e c h n i c a l s k i l l 5(3-6) 
A s s e s s m e n t T h e s i m u l a t i o n i s a g o o d m e t h o d f o r a s s e s s i n g n o n - t e c h n i c a l s k i l l 5(4-6) 
266 
10.6 DISCUSSION 
S t r e s s i s a c r i t i c a l f a c t o r t h a t c a n c o m p r o m i s e s u r g i c a l p e r f o r m a n c e a n d p a t i e n t s a f e t y . 
F o r a l l i t s i m p o r t a n c e h o w e v e r , s u r g e o n s a r e n o t f o r m a l l y t a u g h t t o d e a l w i t h s t r e s s 
l e a v i n g t h e m p o t e n t i a l l y e x p o s e d i n t h e f a c e o f a c r i s i s . I n a n a t t e m p t t o c o u n t e r t h i s , a 
s t r e s s m a n a g e m e n t i n t e r v e n t i o n , m e n t a l p r a c t i c e , w a s s u c c e s s f u l l y d e v e l o p e d a n d 
v a l i d a t e d i n t h e p r e c e d i n g c h a p t e r s o f t h i s T h e s i s . T h u s f a r I h a v e s h o w n t h a t m e n t a l 
p r a c t i c e ( M P ) r e d u c e s s t r e s s a n d i m p r o v e s t e c h n i c a l p e r f o r m a n c e i n n o v i c e s u r g e o n s 
( m e d i c a l s t u d e n t s ) i n a s t a t i c d r y s k i l l s l a b w h e r e n o e x t r a n e o u s s t r e s s o r s a r e 
s u p e r i m p o s e d . H o w e v e r , w h a t i s u n k n o w n i s w h e t h e r t h i s i n t e r v e n t i o n h a s a n y e f f e c t o n 
n o n - t e c h n i c a l s k i l l s , s t r e s s a n d t e c h n i c a l p e r f o r m a n c e i n m o r e e x p e r i e n c e d s u r g e o n s . 
T h i s i s c r u c i a l i f M P i s t o b e u s e d f o r s t r e s s m a n a g e m e n t f o r s u r g e o n s a t a l l l e v e l s o f 
t r a i n i n g . M o r e i m p o r t a n t l y , w h a t a l s o r e m a i n s t o b e d e t e r m i n e d i s w h e t h e r M P i s 
e f f e c t i v e a s a n i n t e r v e n t i o n i n a n e n v i r o n m e n t w h i c h c l o s e l y e m u l a t e s s u r g i c a l r e a l i t y -
a n d a l l i t s a s s o c i a t e d s t r e s s o r s . T h e a i m s o f t h i s c h a p t e r w e r e t h e r e f o r e t o e m p i r i c a l l y 
v a l i d a t e M P a s a n i n t e r v e n t i o n t o r e d u c e s t r e s s a n d e n h a n c e t e c h n i c a l a n d n o n - t e c h n i c a l 
p e r f o r m a n c e i n p r a c t i c i n g s u r g e o n s , b o t h e x p e r i e n c e d a n d i n e x p e r i e n c e d . 
10.6.1 Key Findings 
T h i s s t u d y r e v e a l e d s e v e r a l i m p o r t a n t findings. F i r s t l y w i t h r e g a r d s t o t h e m a i n s t u d y 
q u e s t i o n r e g a r d i n g t h e e f f e c t s o f t h e i n t e r v e n t i o n o n s t r e s s , i t c a n b e s e e n t h a t M P d i d 
l e a d t o a r e d u c t i o n i n t h e o b j e c t i v e l e v e l s o f s t r e s s . H e a r t r a t e a n d C o r t i s o l w e r e 
s i g n i f i c a n t l y l o w e r i n b o t h i n e x p e r i e n c e d a n d e x p e r i e n c e d s u r g e o n s s u g g e s t i n g t h a t M P 
d i d n o t o n l y w o r k f o r m o r e j u n i o r s u r g e o n s ( a s f o u n d i n t h e p r e v i o u s s t u d y i n C h a p t e r 
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8 ) , b u t w a s e q u a l l y e f f e c t i v e i n a s a p r i m a r y s t r e s s m a n a g e m e n t s t r a t e g y f o r s e n i o r 
s u r g e o n s . F u r t h e r m o r e t h e s t r o n g c o r r e l a t i o n s b e t w e e n H R a n d C o r t i s o l i n d i c a t e t h a t I 
a c c u r a t e l y c a p t u r e d s t r e s s a n d p r o v i d e f u r t h e r e v i d e n c e o n t h e c o n c u r r e n t v a l i d i t y o f 
I S A T a s a r o b u s t t o o l t o m e a s u r e s t r e s s ( c h a p t e r 4 ) . M o r e o v e r , t h e C o r t i s o l a n d H R 
v a l u e s w e r e i n a c c o r d a n c e w i t h o t h e r s t u d i e s i n t h e p u b l i s h e d l i t e r a t u r e o f s u r g e o n s ' 
p h y s i o l o g i c a l i n d i c e s i n a n o p e r a t i o n ( J e z o v a e t a l . , 1 9 9 2 a ) . T o f u r t h e r c o n f i r m t h e 
f i n d i n g t h a t t h e r e d u c t i o n i n o b j e c t i v e s t r e s s w a s d u e t o M P a n d n o t f o r e x a m p l e , s o m e 
d i f f e r e n c e i n p e r s o n a l i t y b e t w e e n t h e t w o g r o u p s , o n e c a n c o n s i d e r t h e s t r o n g 
c o r r e l a t i o n s b e t w e e n t h e m a n i p u l a t i o n c h e c k a n d s t r e s s . H e r e I s h o w e d t h a t i m p r o v e d 
i m a g e r y w a s s i g n i f i c a n t l y a s s o c i a t e d w i t h l o w e r l e v e l s o f C o r t i s o l a n d h e a r t r a t e 
s u g g e s t i n g t h a t t h e o b j e c t i v e r e d u c t i o n i n s t r e s s s e e n i n t h e M P g r o u p w a s d u e t o t h e i r 
e n h a n c e d i m a g e r y . 
H o w e v e r , i t m u s t b e n o t e d t h a t a l t h o u g h t h e p h y s i o l o g i c a l s t r e s s i n d i c a t o r s w e r e i n 
a g r e e m e n t w i t h e a c h o t h e r , n e i t h e r w a s r e l a t e d t o p e r c e i v e d s t r e s s l e v e l s . I n f a c t , 
l o o k i n g a t S T A I a l o n e , t h e r e w a s n o d i f f e r e n c e b e t w e e n t h e M P a n d c o n t r o l g r o u p . T h i s 
i s c o n t r a r y t o e x p e c t a t i o n a n d t o t h e f i n d i n g s f r o m I S A T w h e r e a l l t h r e e i n d i c a t o r s 
e x h i b i t e d s t r o n g c o n c u r r e n t v a l i d i t y . F u r t h e r m o r e i t d o e s n o t f i t t h e p i c t u r e s u g g e s t e d b y 
H R a n d C o r t i s o l w h i c h s u g g e s t t h a t t h e M P g r o u p w e r e l e s s s t r e s s e d - a t l e a s t 
o b j e c t i v e l y . S e v e r a l r e a s o n s m a y h e l p e x p l a i n t h i s a p p a r e n t d i f f e r e n c e i n s u b j e c t i v e a n d 
o b j e c t i v e l e v e l s o f s t r e s s . F i r s t l y , i t i s p o s s i b l e t h a t t h e o b j e c t i v e i n d i c e s w e r e i n a c c u r a t e 
i n c a p t u r i n g s t r e s s . H o w e v e r , t h i s i s u n l i k e l y g i v e n t h a t t h e y w e r e i n s i g n i f i c a n t 
a g r e e m e n t w i t h e a c h o t h e r . M o r e l i k e l y i s a p r o b l e m i n t h e s e l f - r e p o r t e d a s s e s s m e n t o f 
s t r e s s . N u m e r o u s f a c t o r s m a y h a v e m a d e t h i s i n a c c u r a t e . F i r s t , b e c a u s e a l l s u r g e o n s 
s u c c e s s f u l l y c o m p l e t e d t h e o p e r a t i o n ( i n s p i t e o f a l l t h e p r o b l e m s e n c o u n t e r e d ) , t h i s 
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c o u l d h a v e t r i g g e r e d a p o s i t i v e f e e d b a c k c i r c u i t ; s u r g e o n s f e l t r e l i e f a n d t h e r e f o r e r a t e d 
t h e m s e l v e s a s l e s s s t r e s s e d t h a n t h e y a c t u a l l y w e r e . T h a t i s t h e f e e l i n g o f r e l i e f m a y 
h a v e o v e r w h e h n e d a n d n e g a t e d t h e p e r c e p t i o n o f s t r e s s . I t c o u l d a l s o b e t h a t t h e 
s i m u l a t i o n w a s s o s t r e s s f u l t h a t t h e s u r g e o n s l a c k e d t h e m e n t a l c a p a c i t y a t t h e e n d o f i t 
t o a c c u r a t e l y p e r c e i v e a n d r e p o r t t h e i r s t r e s s l e v e l s . T h e r e l a t i v e l y h i g h l e v e l s o f S T A I 
i n b o t h g r o u p s ( c o m p a r e d t o t h e n o v i c e s i n c h a p t e r 8 ) l e n d s u p p o r t t o t h i s p o s s i b i l i t y . 
A n o t h e r l i k e l i h o o d i s t h a t t h e s u r g e o n s d i d n o t w i s h t o a c k n o w l e d g e o r a d m i t t o t h e i r 
s t r e s s a n d t h e r e f o r e s e l f - r e p o r t e d i t t o b e l o w . T h i s f i t s w i t h t h e n e g a t i v e c o n n o t a t i o n s 
s u r r o u n d i n g s t r e s s i n t h e s u r g i c a l c o m m u n i t y . I n c o n t r a s t t o t h e p r e v i o u s s t u d y i n 
C h a p t e r 8 w i t h m e d i c a l s t u d e n t s ( w h e r e s e l f - r e p o r t e d s t r e s s m a t c h e d o b j e c t i v e i n d i c e s ) , 
t h e s u r g e o n s r e c r u i t e d f o r t h i s s t u d y w e r e a t l e a s t 5 y e a r s i n t o t h e i r p r a c t i c e a s a s u r g e o n 
w h i c h m e a n t t h a t t h e e x p e c t a t i o n s o f t h e s u r g i c a l c o m m u n i t y w e r e s o i n g r a i n e d t h a t 
t h e y c o u l d n o t o v e r c o m e t h e m a n d r e p o r t t h e i r t r u e f e e l i n g s . T h i s l a c k o f s e l f -
a w a r e n e s s o f s t r e s s c o n f i r m s t h a t t h e u s e o f c o n c u r r e n t m e a s u r e s o f s t r e s s i s e s s e n t i a l t o 
i n v e s t i g a t i n g t h i s s e n s i t i v e d o m a i n . 
A f i n a l p o s s i b i l i t y f o r t h e l a c k o f s i g n i f i c a n t f i n d i n g b e t w e e n t h e M P a n d c o n t r o l g r o u p s 
i n t e r m s o f s e l f - r e p o r t e d s t r e s s w a s t h a t t h e i n t e r v e n t i o n d i d n o t a f f e c t t h e f e e l i n g o f 
s t r e s s p e r s e , b u t r a t h e r t h e a b i l i t y t o c o p e w i t h i t . T h a t i s t o s a y , b y m e n t a l l y p r a c t i c i n g 
t h e p r o c e d u r e b e f o r e h a n d , s u r g e o n s m a y h a v e d e v e l o p e d b e t t e r c o p i n g s t r a t e g i e s f o r 
w h a t t o d o i n t h e e v e n t o f a s t r e s s f u l e v e n t . T h u s a l t h o u g h t h e M P g r o u p m a y h a v e s t i l l 
' f e l t ' s t r e s s e d , a n d t h e r e f o r e r e p o r t e d t h e m s e l v e s a s b e i n g a s e q u a l l y s t r e s s e d a s t h e 
c o n t r o l g r o u p , t h e y m a y h a v e a c t u a l l y m a n a g e d t h i s f e e l i n g o f s t r e s s b e t t e r . T h i s 
s u g g e s t s t h a t M P w a s e f f e c t i v e a s a s e c o n d a r y s t r e s s m a n a g e m e n t i n t e r v e n t i o n i . e . 
r a t h e r t h a n r e d u c i n g t h e f e e l i n g s o f s t r e s s p e r s e , i t a c t u a l l y i n c r e a s e d t h e i n d i v i d u a l ' s 
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p e r c e i v e d r e s o u r c e s t o c o p e w i t h s t r e s s . I f t h i s i s i n d e e d t h e c a s e t h a t t h e M P g r o u p 
m a n a g e d t h e i r s t r e s s m o r e e f f e c t i v e l y t h a n t h e c o n t r o l s , t h i s s h o u l d b e e c h o e d i n t h e 
e f f e c t s o n t h e i r p e r f o r m a n c e . P u t s i m p l y , i f M P i s a n e f f e c t i v e s e c o n d a r y s t r e s s 
m a n a g e m e n t s t r a t e g y , t h e g r o u p r e c e i v i n g t h e i n t e r v e n t i o n s h o u l d c o p e b e t t e r , t h e r e b y 
e x p e r i e n c i n g f e w e r n e g a t i v e c o n s e q u e n c e s o f s t r e s s - r e f l e c t e d i n e n h a n c e d p e r f o r m a n c e 
o u t c o m e s c o m p a r e d t o t h e c o n t r o l g r o u p . 
R e g a r d i n g t h e e f f e c t s o f M P o n t e c h n i c a l p e r f o r m a n c e , t h e M P g r o u p w e r e s i g n i f i c a n t l y 
s u p e r i o r i n t h e q u a l i t y o f t h e i r t e c h n i c a l s k i l l s c o m p a r e d t o t h e c o n t r o l g r o u p . T h i s 
m a t c h e s t h e findings f r o m t h e p r e v i o u s s t u d y o n t h e e f f e c t s o f M P o n t h e t e c h n i c a l s k i l l 
o f n o v i c e s . I t a l s o g o e s b e y o n d t h i s b y d e m o n s t r a t i n g t h a t M P e n h a n c e d t h e t e c h n i c a l 
a b i l i t y o f b o t h e x p e r i e n c e d a s w e l l a s i n e x p e r i e n c e d s u r g e o n s - i n a m u c h m o r e r e a l i s t i c 
s e t t i n g . T h e s a m e findings w e r e a p p a r e n t w h e n c o n s i d e r i n g n o n - t e c h n i c a l p e r f o r m a n c e . 
F o r e v e r y s i n g l e n o n - t e c h n i c a l s k i l l a s s e s s e d , t h e M P g r o u p e x h i b i t e d s i g n i f i c a n t l y 
b e t t e r o u t c o m e s t h a n t h e c o n t r o l g r o u p . I m p o r t a n t l y , t h i s e f f e c t w a s s e e n i n a n 
e n v i r o n m e n t p l a g u e d b y s t r e s s o r s a n d e r r o r - i n d u c i n g s i t u a t i o n s - n o t u n l i k e t h e 
o p e r a t i n g r o o m i t s e l f T h i s m a y b e b e c a u s e b y g o i n g t h r o u g h t h e M P s c r i p t b e f o r e h a n d , 
s u r g e o n s m a y h a v e b e e n b e t t e r p r e p a r e d t o d e a l w i t h t e a m p r o b l e m s , t o t a k e t h e l e a d 
w h e r e n e c e s s a r y a n d t o m a n a g e d i s t r a c t i o n s m o r e e f f e c t i v e l y . T h i s w o u l d t h e n a l l o w 
t h e m t o c o n c e n t r a t e m o r e o n t h e i r t e c h n i c a l s k i l l . T h e s t r o n g c o r r e l a t i o n s b e t w e e n 
t e c h n i c a l a n d n o n - t e c h n i c a l p e r f o r m a n c e l e n d s c r e d i b i l i t y t o t h i s c l a i m : a s e x p e c t e d 
b e t t e r n o n - t e c h n i c a l s k i l l w a s a s s o c i a t e d w i t h b e t t e r t e c h n i c a l p e r f o r m a n c e . T h e s e 
b e n e f i c i a l e f f e c t s o f M P o n e n d - o u t c o m e s u g g e s t t h a t a s t h e o r i s e d a b o v e , t h e M P g r o u p 
d i d i n d e e d m a n a g e t h e i r s t r e s s b e t t e r b y n o t l e t t i n g i t a f f e c t t h e i r p e r f o r m a n c e . 
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T h i s p a t t e r n o f f i n d i n g s f i t s w i t h s t u d i e s i n t h e s p o r t s l i t e r a t u r e o n M P . I n t h i s 
l i t e r a t u r e , s t r e s s o r a n x i e t y i s n o t d i r e c t l y m e a s u r e d . W h e t h e r M P i s e f f e c t i v e o r n o t i s 
d e t e r m i n e d b y a s s e s s i n g t h e e f f e c t s o f s t r e s s o n p e r f o r m a n c e ( W e i n b e r g , 2 0 0 8 ) . L i k e t h e 
f i n d i n g s i n t h i s c h a p t e r , t h i s l i t e r a t u r e s u g g e s t s t h a t M P i s b e n e f i c i a l b e c a u s e p e o p l e 
w h o r e c e i v e d i t r a n f a s t e r , i m p r o v e d t h e i r s w i n g o r p l a y e d a n i n s t r u m e n t b e t t e r ( D r i s k e l l 
e t a l . , 1 9 9 4 ) . I n t h i s w a y M P a c t s a s s e c o n d a r y s t r e s s m a n a g e m e n t b y d i m i n i s h i n g t h e 
n e g a t i v e e f f e c t s o f s t r e s s o n p e r f o r m a n c e - j u s t a s i t d i d i n t h i s s t u d y . 
I n s u m m a r y t h e k e y f i n d i n g s o f t h i s f i n a l e m p i r i c a l s t u d y a r e a s f o l l o w s : 
• M e n t a l P r a c t i c e s i g n i f i c a n t l y r e d u c e d t h e o b j e c t i v e l e v e l s o f s t r e s s i n a h i g h l y 
r e a l i s t i c s i m u l a t i o n e n v i r o n m e n t . I t t h e r e f o r e m a y b e a n e f f e c t i v e s t r e s s 
m a n a g e m e n t i n t e r v e n t i o n s u i t a b l e f o r a l l s u r g e o n s 
• M e n t a l P r a c t i c e d i d n o t a l t e r t h e s e l f - p e r c e p t i o n o f s t r e s s 
• M e n t a l P r a c t i c e e n h a n c e d t e c h n i c a l a n d n o n - t e c h n i c a l p e r f o r m a n c e . 
10.6.2 Strengths of this study 
S t r e n g t h s o f t h i s s t u d y w e r e c o n f e r r e d f r o m t h e r o b u s t r e s e a r c h d e s i g n , t h e u s e o f 
v a l i d a t e d o u t c o m e m e a s u r e s ( I S A T , O S A T S a n d O T A S ) a n d t h e e n v i r o n m e n t w i t h i n 
w h i c h t h e e x p e r i m e n t w a s b a s e d . S p e c i f i c a l l y a n a d v a n c e d s u r g i c a l p r o c e d u r e , 
l a p a r o s c o p i c c h o l e c y s t e c t o m y , w a s s e l e c t e d a s t h e s i m u l a t e d o p e r a t i o n . T h i s i s a 
c o m m o n p r o c e d u r e , r o u t i n e l y p e r f o r m e d b y t r a i n e e s s o s e l e c t i n g t h i s m e a n t t h e 
s i m u l a t i o n w a s r e a l i s t i c t o t h e i r d a i l y p r a c t i c e . U s i n g a v a l i d a t e d v i r t u a l r e a l i t y 
s i m u l a t o r , L a p m e n t o r , a l l o w e d m e t o a c c u r a t e l y r e c r e a t e t h i s p r o c e d u r e b u t a l s o t o 
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s i m u l a t e t e c h n i c a l d i f f i c u l t i e s b y a d d i n g a b n o r m a l a n a t o m y a n d b l e e d i n g . T h i s m a d e 
t h e s u r g i c a l t a s k m o r e c h a l l e n g i n g t h u s r e c r e a t i n g o n e o f t h e m o s t c o m m o n s u r g i c a l 
s t r e s s o r s f o u n d i n t h e l i t e r a t u r e r e v i e w , t h e i n t e r v i e w s a n d m y o b s e r v a t i o n a l s t u d y -
t e c h n i c a l c o m p l e x i t y . 
C a r e w a s a l s o t a k e n t o s p e c i f i c a l l y c o n t e x t u a l i s e t h e e n v i r o n m e n t . F i r s t l y I e n s u r e d t h a t 
t h e S O T c o n t a i n e d a s m a n y c u e s a s p o s s i b l e t h a t w o u l d a l l o w t h e s u r g e o n t o s u s p e n d 
d i s b e l i e f T h i s i n c l u d e d v i s u a l e f f e c t s f o r e x a m p l e t h e a m b i e n t ' g r e e n ' l i g h t o f t h e O R , 
t h e p r e s e n c e o f a l l i n s t r u m e n t s a n d a f u l l O R t e a m t o s o u n d e f f e c t s ( i n c l u d i n g b e e p i n g 
f r o m t h e a n a e s t h e t i c m a c h i n e a n d b u z z i n g f r o m t h e d i a t h e r m y ) . F u r t h e r m o r e , I a l s o 
w r o t e a d e t a i l e d c a s e s c e n a r i o ( s e e a p p e n d i x ) w h i c h w a s p r e s e n t e d t o e a c h s u r g e o n 
b e f o r e t h e y e n t e r e d t h e S O T g i v i n g t h e m p a t i e n t i n f o r m a t i o n . T h i s h e l p e d ' s e t t h e 
s c e n e ' f o r t h e s i m u l a t i o n . A l o n g s i d e w i t h a s k i n g t h e m t o w e a r s u r g i c a l g o w n s , 
s c r u b b i n g , g o w n i n g a n d g l o v i n g , t h i s i n f o r m a t i o n w a s h e l p f i i l i n f u l l y i m m e r s i n g t h e 
s u r g e o n s i n t h e s i m u l a t i o n . 
M o r e o v e r , a d d i n g c o m m o n s t r e s s o r s f r o m e v e r y d a y p r a c t i c e s u c h a s m i s s i n g 
e q u i p m e n t , a d i f f i c u l t t e a m a n d n o i s e a n d d i s t r a c t i o n s ( i d e n t i f i e d f r o m i n t e r v i e w s t u d y 
a n d r e a l O R o b s e r v a t i o n s - l e n d i n g i n t e r n a l v a l i d i t y ) m e a n t t h a t t h e i n t e r v e n t i o n w a s 
t e s t e d i n a n a r e n a t h a t m i r r o r e d t h e r e a l O R a s m u c h a s p o s s i b l e . T h i s s u g g e s t s t h a t t h e 
findings f r o m t h i s s t u d y m a y b e g e n e r a l i s e d t o t h e r e a l s u r g i c a l e n v i r o n m e n t a n d t h e 
i n t e r v e n t i o n i s a p p r o p r i a t e t o e v e r y d a y p r a c t i c e - r a t h e r t h a n s o m e t h i n g w h i c h o n l y 
w o r k s i n a r e s e a r c h l a b . I n a d d i t i o n , t h e s t u d y p a r t i c i p a n t s w e r e p r a c t i c i n g s u r g e o n s -
b o t h i n e x p e r i e n c e d a n d e x p e r i e n c e d - a n d t h e r e f o r e r e a l i s t i c o f t h e e n d - u s e r s o f t h i s 
i n t e r v e n t i o n . T o c o n f i r m t h e e x t e r n a l v a l i d i t y o f t h e r e s e a r c h d e s i g n , i t w a s f o r m a l l y 
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t e s t e d i n a q u e s t i o n n a i r e w h e r e s u r g e o n s w e r e a s k e d t o r a t e t h e r e a h s m o f t h e 
s i m u l a t i o n - e x c e p t i o n a l l y h i g h s c o r e s w e r e o b t a i n e d r e g a r d l e s s o f e x p e r i e n c e . 
A f u r t h e r s t r o n g p o i n t w a s t h a t t h e b a s e l i n e s k i l l s o f s u r g e o n s i n t h e M P a n d c o n t r o l 
g r o u p w e r e e m p i r i c a l l y t e s t e d a t t h e s t a r t o f t h e s t u d y t o e n s u r e t h e y w e r e c o m p a r a b l e 
a n d t h a t t h e r e w a s n o s e l e c t i o n b i a s . A l l p a r t i c i p a n t s a l s o h a d a n o p p o r t u n i t y t o 
f a m i l i a r i z e t h e m s e l v e s w i t h t h e S O T a n d t h e L a p m e n t o r s i m u l a t o r b e f o r e t h e s t u d y s o 
a s t o m i n i m i s e t h e c o n f o u n d i n g e f f e c t o f s t r e s s f r o m a n u n f a m i l i a r s i t u a t i o n . A 
r a n d o m i z e d c o n t r o l l e d d e s i g n , w i t h e a c h s u r g e o n h a v i n g a n e q u a l c h a n c e o f b e i n g 
a l l o c a t e d t o t h e M P o r c o n t r o l g r o u p , l o c a t e d i n a c a r e f u l l y c o n t r o l l e d e n v i r o n m e n t 
m e a n t t h a t a n y e f f e c t o n s t r e s s a n d p e r f o r m a n c e c o u l d a l s o b e r e a s o n a b l y a t t r i b u t e d t o 
t h e i n t e r v e n t i o n i t s e l f . R e g a r d i n g o u t c o m e m e a s u r e s , t h e u s e o f t h e v a l i d a t e d M I Q 
s e r v i n g a s a m a n i p u l a t i o n c h e c k e n s u r i n g t h e M P g r o u p i m a g e d w h a t t h e y w e r e 
s u p p o s e d t o i m a g e - r a t h e r t h a n a s s u m i n g t h i s w a s t h e c a s e . I a l s o t o o k c a r e t o u s e 
p s y c h o m e t r i c a l l y r o b u s t t o o l s f o r t h e a s s e s s m e n t o f t e c h n i c a l ( O S A T S ) a n d n o n -
t e c h n i c a l p e r f o r m a n c e ( O T A S ) a s w e l l a s f o r t h e c a p t u r e o f s t r e s s ( I S A T ) . T h e h i g h 
i n t e r - r a t e r r e l i a b i l i t i e s o b t a i n e d l e n d f u r t h e r s u p p o r t t o t h e findings f r o m t h i s s t u d y . 
10.6.3 Limitations and suggestions for future research 
I n e v i t a b l y , t h e r e a r e s e v e r a l l i m i t a t i o n s t o t h i s s t u d y , p a v i n g t h e w a y f o r f u r t h e r r e s e a r c h 
i n t h i s field. I n t h e first i n s t a n c e , t h e c o n c l u s i o n s a r e l i m i t e d t o a s i n g l e p r o c e d u r e , L C , 
p e r f o r m e d i n a s i m u l a t e d e n v i r o n m e n t . F u r t h e r r e s e a r c h s h o u l d d e t e r m i n e i f M P i s 
e q u a l l y b e n e f i c i a l f o r o t h e r p r o c e d u r e s , b u t m o r e i m p o r t a n t l y i f t h e e f f e c t s s e e n h e r e 
t r a n s f e r t o i m p r o v e d p e r f o r m a n c e a n d r e d u c e d s t r e s s i n r e a l O R s . S e c o n d l y , 
p e r f o r m a n c e a n d s t r e s s c a n b e i n f l u e n c e d b y a n u m b e r o f f a c t o r s . M a n y o f t h e s e w e r e 
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t a k e n i n t o a c c o u n t ( e g d i s t r a c t i o n s , t e c h n i c a l d i f f i c u l t y a n d e q u i p m e n t p r o b l e m s ) b y 
s t a n d a r d i s i n g t h e m i n a c a r e f u l l y c o n t r o l l e d e n v i r o n m e n t t h e r e b y m i n i m i s i n g t h e e f f e c t 
o f p o t e n t i a l c o n f o u n d i n g v a r i a b l e s . H o w e v e r o t h e r p e r h a p s m o r e i n h e r e n t f a c t o r s w e r e 
n o t c a p t u r e d . T h e m o s t r e l e v a n t o f t h e s e w a s t h a t i n d i v i d u a l c o p i n g s t r a t e g i e s w a s n o t 
a s s e s s e d . T h e r e i s a p o t e n t i a l t h a t d i f f e r e n t s u r g e o n s m a y h a v e v a r i e d i n t h e i r c o p i n g 
s t r a t e g i e s w h i c h c o u l d h a v e a f f e c t e d t h e i r s t r e s s r e s p o n s e . T h e m a i n r e a s o n w h y c o p i n g 
w a s n o t e x a m i n e d w a s b a s e d u p o n t h e o r e t i c a l a n d p r a c t i c a l r e a s o n s . T h e o r e t i c a l l y , 
a l t h o u g h findings o u t s i d e s u r g e r y s u g g e s t a l i n k b e t w e e n s t r e s s a n d c o p i n g , p r e v i o u s 
r e s e a r c h b y W e t z e l e t a l w h o e x a m i n e d s u r g e o n s ' c o p i n g s t r a t e g i e s c o n c l u d e d t h a t t h e s e 
c o p i n g s t r a t e g i e s p e r s e h a d n o s t a t i s t i c a l l y s i g n i f i c a n t e f f e c t o n s t r e s s o r p e r f o r m a n c e . 
P r a c t i c a l l y t h e r e w a s a l s o t h e i s s u e t h a t a d d i n g a n o t h e r v a r i a b l e / q u e s t i o n n a i r e i n a n 
a l r e a d y c o m p l e x s t u d y w a s n o t f e a s i b l e . H o w e v e r , c o p i n g s t r a t e g i e s m a y h a v e 
i n f l u e n c e d t h e r e s u l t a n d f u r t h e r w o r k s h o u l d c o n d u c t a d e t a i l e d e x p l o r a t i o n o f s u r g e o n s 
c o p i n g s t r a t e g i e s t o d e t e r m i n e i f t h i s i s s o . A f u r t h e r l i m i t a t i o n w a s l i n k e d t o t h e 
r e l i a n c e u p o n t h e s u r g e o n t o s e l f - r e p o r t t h e i r s t r e s s w h i c h i n i t s e l f m a y o r m a y n o t h a v e 
b e e n a c c u r a t e . I n f u t u r e w o r k , t h e u s e o f a n o b s e r v e r t o a l s o r a t e t h e l e v e l o f s t r e s s i n 
t h e e n v i r o n m e n t , p o s s i b l y i n a d d i t i o n t o e t h n o g r a p h i c field n o t e t e c h n i q u e s , m a y y i e l d 
a d d i t i o n a l v a l u a b l e d a t a . I n a d d i t i o n , a l t h o u g h m u c h q u a n t i t a t i v e d a t a w a s o b t a i n e d i n 
t h i s s t u d y , a d e t a i l e d q u a l i t a t i v e e x p l o r a t i o n b y i n t e r v i e w i n g s u r g e o n s a t t h e e n d o f t h e 
s i m u l a t i o n m a y h a v e p r o v i d e d f u r t h e r i n s i g h t i n t o t h e i r s t r e s s m a n a g e m e n t s t r a t e g i e s 
a n d p e r c e p t i o n s o f t h e i n t e r v e n t i o n . F i n a l l y t h e q u e s t i o n o f w h e t h e r t h e b e n e f i c i a l 
e f f e c t o f M P i s r e t a i n e d a f t e r a t i m e p e r i o d r e m a i n s t o b e a n s w e r e d i n f u r t h e r w o r k . 
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10.7 CONCLUSION 
M e n t a l P r a c t i c e i s a n e f f e c t i v e i n t e r v e n t i o n t o r e d u c e o b j e c t i v e l e v e l s o f s t r e s s i n 
e x p e r i e n c e d a n d i n e x p e r i e n c e d s u r g e o n s i n a c r i s i s s i m u l a t i o n . H o w e v e r i t d o e s n o t 
h a v e a n y s i g n i f i c a n t e f f e c t o n t h e s e l f - p e r c e p t i o n o f s t r e s s . D e s p i t e t h i s , u s i n g M P d o e s 
e n h a n c e t e c h n i c a l a n d n o n - t e c h n i c a l p e r f o r m a n c e . I m p o r t a n t l y , s u r g e o n s a l s o find t h i s 
t o b e a u s e f u l a n d a c c e p t a b l e t r a i n i n g t o o l . T h e i m p l i c a t i o n s o f M P a s a n i n t e r v e n t i o n t o 
r e d u c e s t r e s s a n d f u r t h e r p l a n s f o r f u t u r e r e s e a r c h f o l l o w i n g t h i s l a s t e m p i r i c a l s t u d y 
w i l l b e e x p l o r e d i n d e t a i l i n t h e f i n a l d i s c u s s i o n c h a p t e r o f t h i s T h e s i s . 
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11 GENERAL DISCUSSION 
11.1 Chapter Outline 
T h i s f i n a l c h a p t e r p r o v i d e s a n o v e r a l l d i s c u s s i o n f o r t h e e n t i r e b o d y o f w o r k w i t h i n t h i s 
T h e s i s . A b r i e f s y n o p s i s o f t h e p e r t i n e n t b a c k g r o u n d i s f i r s t l y p r e s e n t e d t o s i t u a t e m y 
w o r k w i t h i n i t s c o n t e x t , f o l l o w e d b y a s u m m a r y o f t h e k e y f i n d i n g s . T h e 
m e t h o d o l o g i c a l a n d c o n c e p t u a l c o n s i d e r a t i o n s t h a t w e r e t a k e n i n t o a c c o u n t a s t h i s 
r e s e a r c h e v o l v e d a r e t h e n d i s c u s s e d b e f o r e h i g h l i g h t i n g t h e l i m i t a t i o n s e n c o u n t e r e d . 
I m p l i c a t i o n s f o r c l i n i c a l p r a c t i c e a r e o u t l i n e d a n d r e c o m m e n d a t i o n s m a d e f o r f u t u r e 
w o r k . F i n a l l y , t h e c h a p t e r a n d t h i s T h e s i s c o n c l u d e w i t h m y o w n p e r s o n a l r e f l e c t i o n s o f 
t h i s w o r k . 
11.2 Synopsis of problem 
S a f e t y i n t h e a v i a t i o n i n d u s t r y w a s r e v o l u t i o n i s e d i n t h e 1 9 7 0 s w i t h t h e r e a l i s a t i o n t h a t 
t h e m a j o r i t y o f e r r o r s w e r e d u e t o f a i l u r e s i n i n t e r p e r s o n a l c o m m u n i c a t i o n , d e c i s i o n 
m a k i n g a n d l e a d e r s h i p r a t h e r t h a n i s o l a t e d p r o b l e m s w i t h i n d i v i d u a l p i l o t s o r t h e i r 
a e r o p l a n e s ( H e l m r e i c h e t a l . , 1 9 9 7 ) . T h i s s e r v e d a s a s t i m u l u s f o r t h e d e v e l o p m e n t o f 
C r e w R e s o u r c e M a n a g e m e n t ( C R M ) , a s y s t e m s - b a s e d a p p r o a c h t o t r a i n i n g w h i c h 
e x p l i c i t l y a d d r e s s e d o r g a n i s a t i o n a l a n d c u l t u r a l f a c t o r s s u c h a s h i e r a r c h i c a l s t r u c t u r e s 
a n d t h e r e c o g n i t i o n o f s t r e s s ( H e l m r e i c h e t a l . , 1 9 9 9 ) . T h i s u n d e r s t a n d i n g o f s t r e s s a n d 
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t h e d e v e l o p m e n t o f a p p r o p r i a t e s t r a t e g i e s t o m a n a g e i t r e m a i n a n i n t e g r a l c o m p o n e n t 
t o C R M t r a i n i n g . 
A l t h o u g h d i f f e r e n t t o a n a i r c r a f t ' s c o c k p i t , t h e o p e r a t i n g r o o m i s a l s o a d y n a m i c 
e n v i r o n m e n t w h i c h d e m a n d s t e a m w o r k , c o m p l e x h u m a n - t e c h n o l o g y i n t e r a c t i o n a n d t h e 
a b i l i t y t o p e r f o r m e f f e c t i v e l y u n d e r s t r e s s , e s p e c i a l l y w h e n l i f e - t h r e a t e n i n g c r i s e s a r i s e . 
I n o r d e r t o b e t t e r u n d e r s t a n d t h i s , t h e r e h a s b e e n a n e x p l o s i o n o f l i t e r a t u r e o n t h e s k i l l s 
r e q u i r e d t o f u n c t i o n e f f e c t i v e l y w i t h i n a n O R s e t t i n g . M u c h o f t h i s , h o w e v e r , h a s 
c o n c e n t r a t e d u p o n t e c h n i c a l s k i l l , w h i c h a l t h o u g h v i t a l l y i m p o r t a n t , i s o n l y o n e o f m a n y 
c o m p o n e n t s o f s a f e s u r g i c a l p r a c t i c e ( V i n c e n t e t a l , 2 0 0 4 ) . E f f e c t i v e m a n a g e m e n t o f 
s t r e s s b e f o r e i t r e a c h e s l e v e l s t h a t c a n c o m p r o m i s e p e r f o r m a n c e a n d t h r e a t e n p a t i e n t 
s a f e t y i s e q u a l l y c r i t i c a l . 
D e s p i t e t h e i m p o r t a n t e f f e c t s o f s t r e s s u p o n i n d i v i d u a l s u r g e o n s ' p e r f o r m a n c e , i t 
r e m a i n s l a r g e l y u n d e r - r e s e a r c h e d . C o m p o u n d e d w i t h t h e w i d e s p r e a d r e l u c t a n c e w i t h i n 
t h e s u r g i c a l c o m m u n i t y t o a c k n o w l e d g e i t , t h e r e i s n o g e n e r a l l y a c c e p t e d s t r a t e g y t o 
h e l p s u r g e o n s r e c o g n i s e i m p e n d i n g s t r e s s , u n d e r s t a n d i t s p o t e n t i a l d a n g e r s a n d d e a l 
w i t h i t e f f e c t i v e l y . A s a r e s u l t , i n d i v i d u a l s a r e c o m p e l l e d t o d e v e l o p t h e i r o w n c o p i n g 
s t r a t e g i e s t h r o u g h o b s e r v a t i o n a n d e m u l a t i o n o f s e n i o r c o l l e a g u e s o r b y m a k i n g t h e i r 
o w n m i s t a k e s , w i t h o u t a n y f o r m a l s u p p o r t o r t r a i n i n g . P r o g r e s s i v e r e d u c t i o n s i n 
w o r k i n g h o u r s m a k e t h i s p r o b l e m m o r e a c u t e , a s t r a i n e e s a r e n o l o n g e r e x p o s e d t o t h e 
b r e a d t h o r d u r a t i o n o f o p e r a t i v e e x p e r i e n c e o f t h e i r m o r e s e n i o r c o l l e a g u e s . T h i s 
c h a n g i n g l a n d s c a p e o f h e a l t h c a r e , i n c r e a s i n g c o n c e r n s f o r p a t i e n t s a f e t y a n d a b e t t e r 
u n d e r s t a n d i n g o f n o n - t e c h n i c a l s k i l l s m a k e t h i s e x i s t i n g s t a t u s q u o n o l o n g e r 
a c c e p t a b l e . T h e r e c o g n i t i o n o f s t r e s s a n d s t r a t e g i e s t o m a n a g e i t c a n n o t r e m a i n 
277 
r e l e g a t e d t o t h e h i d d e n c u r r i c u l u m ; i n s t e a d , i t s h o u l d b e b r o u g h t o u t t o t h e f o r e g r o u n d 
s o a s t o p r o v i d e a r i g o r o u s , s c i e n t i f i c a n a l y s i s l e a d i n g t o s u p p o r t i v e t r a i n i n g . 
I n o r d e r t o a d d r e s s t h e s e i s s u e s s y s t e m a t i c a l l y , t h i s T h e s i s e x p l o r e d t h e e f f e c t s o f s t r e s s 
o n s u r g i c a l p e r f o r m a n c e w i t h t h e u l t i m a t e a i m o f d e v e l o p i n g a n d e v a l u a t i n g a n 
i n t e r v e n t i o n t o r e d u c e t h e i n t r a - o p e r a t i v e s t r e s s e x p e r i e n c e d b y t h e s u r g e o n . 
11.3 Key phases of work 
A s t h i s field h a s n o t b e e n e x p l o r e d i n s u r g e r y i n a n y g r e a t d e p t h , a s y s t e m a t i c r e v i e w 
w a s firstly c a r r i e d o u t i n C h a p t e r 3 ( A r o r a e t a l . , 2 0 1 0 d ) . T h i s r e v e a l e d n u m e r o u s 
s t r e s s o r s p r e s e n t i n a n O R , i n c l u d i n g t h o s e p e r t a i n i n g t o t h e s u r g e o n , t h e t e a m , t h e 
e n v i r o n m e n t a n d t h e p a t i e n t . T h e r e v i e w c o n c l u d e d t h a t s t r e s s d o e s h a v e a n e g a t i v e 
i m p a c t u p o n v a r i o u s f a c e t s o f a s u r g e o n ' s p e r f o r m a n c e . 
T h e r e v i e w a l s o r e v e a l e d t h a t n o s t u d y h a d u s e d b o t h s u b j e c t i v e a n d o b j e c t i v e 
m e a s u r e m e n t s o f s t r e s s - c r u c i a l f o r t r i a n g u l a t i o n o f findings. I t h e r e f o r e d e v e l o p e d t h e 
I m p e r i a l S t r e s s A s s e s s m e n t T o o l a n d u s e d i t t o c o n d u c t d i r e c t o b s e r v a t i o n s o f r e a l 
s u r g i c a l p r a c t i c e i n C h a p t e r 4 ( A r o r a e t a l . , 2 0 1 0 e ) . T h i s t o o l w a s b o t h f e a s i b l e a n d 
r e l i a b l e , a n d d e m o n s t r a t e d c o n t e n t , c o n s t r u c t a n d c o n c u r r e n t v a l i d i t y f o r c a p t u r i n g a c u t e 
m e n t a l s t r e s s . T h e o b s e r v a t i o n a l s t u d y a l s o c o n f i r m e d t h e a r r a y o f s t r e s s o r s i d e n t i f i e d 
b y t h e l i t e r a t u r e r e v i e w w h i c h i m p a c t u p o n s u r g e o n s a s t h e y o p e r a t e ( A r o r a e t a l . , 
2 0 1 0 c ) . W h a t a l s o b e c a m e a p p a r e n t w a s t h a t a l t h o u g h s o m e d e g r e e o f s u r g i c a l s t r e s s i s 
u n i v e r s a l a n d e v e r - p r e s e n t , h i g h l y s t r e s s f u l e v e n t s ( e . g . , c a t a s t r o p h i c b l e e d i n g ) a r e 
i n f r e q u e n t . M y o b s e r v a t i o n a l w o r k c o n f i r m e d t h a t s u c h e v e n t s , a l t h o u g h c r u c i a l l y 
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i m p o r t a n t , a r e d i f f i c u l t t o s t u d y ' i n t h e w i l d ' . M u c h m o r e c o m m o n i s a b u i l d - u p o f 
s m a l l e r e l e m e n t s ( e . g . , c o n t i n u o u s d i s r u p t i o n i n t h e O R ) w h i c h , i f u n c h e c k e d , c a n 
c o m b i n e t o c r e a t e a n a d v e r s e o u t c o m e . A k e y o u t c o m e f r o m t h i s s t u d y , t h e r e f o r e , w a s 
t h a t a n e x p e r i m e n t a l s e t t i n g f o r d e t a i l e d s t u d y o f s t r e s s i s e s s e n t i a l . A n e a r l y d e c i s i o n 
w a s t a k e n t o u s e s i m u l a t i o n a s m y r e s e a r c h e n v i r o n m e n t f o r t h e r e m a i n i n g s t u d i e s o f t h e 
T h e s i s , s o a s t o r e c r e a t e c o n t r o l l a b l e s t r e s s f u l c o n d i t i o n s w i t h o u t e n d a n g e r i n g r e a l 
p a t i e n t s . I n a d d i t i o n , t h e u s e o f s i m u l a t i o n w o u l d a l l o w f o r a m o r e l e a r n e r - c e n t r e d , 
e x p e r i e n t i a l a p p r o a c h t h a t w o u l d e n c o u r a g e p a r t i c i p a n t s t o e x p e r i e n c e s t r e s s a n d t e s t a 
p o t e n t i a l i n t e r v e n t i o n i n a s a f e c l i n i c a l p r o x y . 
B a s e l i n e d a t a w e r e t h e n c o l l e c t e d f r o m i n t e r v i e w s t o c a p t u r e s u r g e o n s ' o w n p e r c e p t i o n s 
o f s t r e s s a n d i m p o r t a n t l y t h e i r r e q u i r e m e n t s f r o m a n y t r a i n i n g i n t e r v e n t i o n i n C h a p t e r 5 
( A r o r a e t a l . , 2 0 0 9 b ) . A l t h o u g h s u r g e o n s p r i v a t e l y e x p r e s s e d t h e i r p e r s o n a l d i f f i c u l t i e s 
i n m a n a g i n g s t r e s s , t h e y a l l a g r e e d t h a t t h e y c o u l d n o t a d m i t t o i t i n t h e i r c o m m u n i t y o f 
p r a c t i c e a s s t r e s s i s s t i l l s e e n a s a s i g n o f s h a m e f u l i n a d e q u a c y . S u r g e o n s a l s o r e p o r t e d 
t h a t t h e y w o u l d v a l u e t h e u s e o f s i m u l a t i o n t o e x p e r i e n c e s t r e s s f u l c r i s e s s o t h e y c o u l d 
l e a r n h o w t o b e t t e r c o n t r o l t h e m . M o r e i n e x p e r i e n c e d s u r g e o n s w o n d e r e d w h e t h e r a 
r a n g e o f c o g n i t i v e s t r a t e g i e s , s u c h a s m e n t a l p r e p a r a t i o n , u t i l i s e d i m p l i c i t l y b y e x p e r t 
s u r g e o n s c o u l d b e m a d e m o r e e x p l i c i t . A c l e a r finding t h a t e m e r g e d f r o m a l l s u r g e o n s 
i n t h e s e i n t e r v i e w s w a s t h a t i n o r d e r t o m a k e a s t r e s s m a n a g e m e n t i n t e r v e n t i o n 
a c c e p t a b l e t o t h e s u r g i c a l c o m m u n i t y , i t m u s t a l s o b e s e e n t o h a v e a b e n e f i c i a l e f f e c t o n 
t h e i r e n d p e r f o r m a n c e . R o b u s t m e a s u r e m e n t o f s t r e s s t o d e l i n e a t e i t s c u r r e n t l e v e l s a n d 
d e m o n s t r a t e p o t e n t i a l r e d u c t i o n a f t e r a n i n t e r v e n t i o n t h e r e f o r e e m e r g e d a s a c r u c i a l p a r t 
o f m y w o r k . 
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B e f o r e a n i n t e r v e n t i o n c o u l d b e e v a l u a t e d h o w e v e r , i t h a d t o b e d e v e l o p e d first. I n t h e 
l i g h t o f , firstly, t h e findings f r o m m y i n t e r v i e w s t h a t e m p h a s i s e d c o g n i t i v e s t r a t e g i e s t o 
m a n a g e s t r e s s a n d , s e c o n d l y , a w i d e l i t e r a t u r e o f s p o r t s p s y c h o l o g y o n s u c h s t r a t e g i e s 
e m p l o y e d t o p r e p a r e h i g h - p e r f o r m i n g a t h l e t e s , I c h o s e t o d e v e l o p a n i n t e r v e n t i o n f o r 
s u r g e o n s b a s e d o n m e n t a l p r a c t i c e ( c h a p t e r 6 ) . A s n o s u c h i n t e r v e n t i o n e x i s t e d i n 
s u r g e r y , a m e n t a l p r a c t i c e i n t e r v e n t i o n i n t h e f o r m o f a s c r i p t w a s d e v e l o p e d w i t h t h e 
e x p l i c i t a i m t o e n h a n c e s u r g e o n s ' i m a g e r y o f a p a r t i c u l a r p r o c e d u r e , n a m e l y 
L a p a r o s c o p i c C h o l e c y s t e c t o m y i n c h a p t e r 7 ( A r o r a e t a l . , 2 0 1 0 a ) . E m p i r i c a l t e s t i n g 
c o n f i r m e d t h a t t h e m e n t a l p r a c t i c e s c r i p t w a s i n d e e d s u c c e s s f t i l i n e n h a n c i n g s u r g e o n s ' 
m e n t a l i m a g e r y o f t h e p r o c e d u r e i n b o t h i n e x p e r i e n c e d a n d e x p e r i e n c e d s u r g e o n s 
( C h a p t e r 7 ) . F u r t h e r e m p i r i c a l t e s t i n g i n a s k i l l s l a b s h o w e d t h a t t r a i n i n g n o v i c e 
s u r g e o n s i n m e n t a l p r a c t i c e e n h a n c e d t h e i r t e c h n i c a l p e r f o r m a n c e a n d r e d u c e d t h e i r 
s t r e s s l e v e l s w h i l e t h e y c a r r i e d o u t a L a p a r o s c o p i c C h o l e c y s t e c t o m y i n C h a p t e r 8 
( A r o r a e t a l . , 2 0 1 0 b ) . A s s t a t e d e a r l i e r , h o w e v e r , t e c h n i c a l p e r f o r m a n c e i s o n l y o n e 
a s p e c t o f a m o d e m s u r g e o n ' s p e r f o r m a n c e t o o l k i t . N o n - t e c h n i c a l s k i l l s , i n c l u d i n g 
c o m m u n i c a t i o n , l e a d e r s h i p a n d t e a m w o r k i n g d u r i n g a p r o c e d u r e , a r e a l s o v i t a l l y 
i m p o r t a n t . F o l l o w i n g t h i s r a t i o n a l e , I a l s o s o u g h t t o e s t a b l i s h t h e e f f i c a c y o f m e n t a l 
p r a c t i c e i n i m p r o v i n g s u r g e o n s ' n o n - t e c h n i c a l s k i l l s . 
I n o r d e r t o b u i l d i n n o n - t e c h n i c a l p e r f o r m a n c e , t h e i n t e r v e n t i o n s c r i p t w a s m o d i f i e d a n d 
d e v e l o p e d i n t o a c o m p r e h e n s i v e f r a m e w o r k t h a t i n c o r p o r a t e s a r a n g e o f s t r a t e g i e s t o 
m a n a g e c o m m o n i n t r a - o p e r a t i v e s t r e s s o r s r e l a t e d t o a s u r g e o n ' s s e l f , t e a m , e n v i r o n m e n t 
a n d p a t i e n t ( " M I N D y o u r S T E P " f r a m e w o r k ) . B e f o r e b e i n g d e p l o y e d i n t h e c o n t e x t o f 
c l i n i c a l s u r g e r y , t h i s e v o l v e d v e r s i o n o f t h e m e n t a l p r a c t i c e i n t e r v e n t i o n w a s v a l i d a t e d 
t o d e m o n s t r a t e i t s e f f i c a c y ( C h a p t e r 9 ) . M y e m p i r i c a l e v a l u a t i o n o f t h e i n t e r v e n t i o n 
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s h o w e d t h a t i t w a s i n d e e d s u c c e s s f u l i n e n h a n c i n g s u r g e o n s ' m e n t a l i m a g e r y o f h o w 
b e s t t o m a n a g e t h e m s e l v e s a n d t h e i r t e a m s s h o u l d p r o b l e m s a r i s e i n t r a - o p e r a t i v e l y i n 
t h e O R . A l o n g s i d e t h i s , a M e n t a l I m a g e r y Q u e s t i o n n a i r e w a s a l s o d e v e l o p e d a n d 
v a l i d a t e d f o r g e n e r a l u s e i n s u r g e r y a s a s c i e n t i f i c , n o n - i n v a s i v e , f e a s i b l e m a n i p u l a t i o n 
c h e c k d e s i g n e d t o c a p t u r e r o b u s t l y s u r g e o n s ' a c t u a l i m a g e r y q u a l i t y . 
I n t h e final s t e p o f m y w o r k , t h e m e n t a l p r a c t i c e i n t e r v e n t i o n w a s s y s t e m a t i c a l l y t e s t e d 
i n a f u l l i m m e r s i o n h i g h fidelity s i m u l a t i o n s e t t i n g ( C h a p t e r 1 0 ) . F i n d i n g s f r o m t h e 
s y s t e m a t i c r e v i e w , i n t e r v i e w s t u d y a n d o b s e r v a t i o n a l s t u d y w e r e u s e d t o c a r e f u l l y 
r e c r e a t e a n e n v i r o n m e n t w i t h i n - b u i l t s t r e s s o r s , s u c h a s t e c h n i c a l c o m p l e x i t y , p o o r 
t e a m w o r k a n d m u l t i p l e d i s t r a c t i o n s . R e s u l t s fi-om t h i s r a n d o m i s e d c o n t r o l l e d s t u d y 
s h o w e d t h a t s u r g e o n s w h o r e c e i v e d m e n t a l p r a c t i c e s i g n i f i c a n t l y o u t p e r f o r m e d c o n t r o l s 
i n b o t h t h e i r t e c h n i c a l a n d n o n - t e c h n i c a l p e r f o r m a n c e a n d a l s o h a d s i g n i f i c a n t l y l o w e r 
l e v e l s o f p h y s i o l o g i c a l s t r e s s . M o r e o v e r , s u r g e o n s r e p o r t e d t h a t t h e m e n t a l p r a c t i c e 
i n t e r v e n t i o n w o u l d b e w e l c o m e a s a t r a i n i n g t o o l , a n d t h a t t h e s i m u l a t i o n e n v i r o n m e n t 
t h a t I c r e a t e d t o t e s t t h e i n t e r v e n t i o n s h o u l d b e r e g u l a r l y o f f e r e d a s p a r t o f m a i n s t r e a m 
s u r g i c a l t r a i n i n g . F u r t h e r m o r e , i t w a s a l s o s u g g e s t e d b y t h e p a r t i c i p a n t s t h a t w i t h 
a d e q u a t e s t a n d a r d i s a t i o n a n d a r a n g e o f o f f e r e d p r o c e d u r e s , t h e s i m u l a t i o n e n v i r o n m e n t 
I c r e a t e d w o u l d a l s o b e s u i t a b l e f o r a s s e s s m e n t p u r p o s e s . S u c h a c c e p t a n c e o f t h e 
i n t e r v e n t i o n i s c r u c i a l f o r i t s u s e a s s t r e s s m a n a g e m e n t t r a i n i n g . 
I n s u m m a r y , t h i s T h e s i s f u l f i l l e d i t s a i m s a n d c o n t r i b u t e d t o t h e d e v e l o p m e n t o f n e w 
m e d i c a l k n o w l e d g e b y : 
• E x p l o r i n g s t r e s s i n s u r g e o n s i n a s c i e n t i f i c a l l y s y s t e m a t i c m a n n e r 
281 
D e v e l o p i n g a n d v a l i d a t i n g I S A T 
D e v e l o p i n g a n d v a l i d a t i n g m e n t a l p r a c t i c e a s a t r a i n i n g s t r a t e g y t o e n h a n c e 
t e c h n i c a l a n d n o n - t e c h n i c a l p e r f o r m a n c e 
E v a l u a t i n g t h e u s e o f m e n t a l p r a c t i c e a s a s t r e s s m a n a g e m e n t i n t e r v e n t i o n 
11.4 Methodological and conceptual considerations 
A c o m p r e h e n s i v e r a n g e o f m e t h o d o l o g i e s w e r e u s e d i n t h i s T h e s i s t o f u l l y u n d e r s t a n d 
s u r g i c a l s t r e s s s o a s t o d e v e l o p a n e v i d e n c e - b a s e d i n t e r v e n t i o n . Q u a l i t a t i v e m e t h o d s 
i n c l u d i n g i n t e r v i e w s a n d d i r e c t o b s e r v a t i o n s a l l o w e d f o r t h e e x p l o r a t i o n o f t h i s s e n s i t i v e 
i s s u e i n a d e t a i l e d m a n n e r . L i m i t a t i o n s o f e x i s t i n g r e s e a r c h i n t h i s f i e l d w e r e o v e r c o m e 
b y u s i n g q u a n t i t a t i v e m e t h o d s t o c a p t u r e b o t h s e l f - p e r c e p t i o n s o f s t r e s s ( S T A I ) a s w e l l 
a s i t s o b j e c t i v e e f f e c t s t h r o u g h t h e u s e o f p h y s i o l o g i c a l v a r i a b l e s ( H R , C o r t i s o l ) . T h e 
s t r e s s m a n a g e m e n t i n t e r v e n t i o n , m e n t a l p r a c t i c e , w a s a d a p t e d f r o m t h e s p o r t 
p s y c h o l o g y l i t e r a t u r e a n d v a l i d a t e d f o r u s e i n s u r g e r y b y e x p l o r i n g i t s e f f e c t s o n 
i m a g e r y c a p t u r e d w i t h v a l i d a t e d q u e s t i o n n a i r e s . T h e u s e o f a r a n d o m i s e d c o n t r o l l e d 
d e s i g n i n t h e s i m u l a t i o n s t u d i e s a l l o w e d m e t o b e c o n f i d e n t t h a t t h e r e s u l t s w e r e d u e t o 
t h e i n t e r v e n t i o n i t s e l f a n d n o t s o m e o t h e r c o n f o u n d i n g v a r i a b l e . T h e u s e o f a b a t t e r y o f 
p s y c h o m e t r i c a l l y r o b u s t m e a s u r e s o f p e r f o r m a n c e s u c h a s O S A T S a n d O T A S b y 
c a l i b r a t e d r a t e r s t r a i n e d i n p e r f o r m a n c e a s s e s s m e n t l e n t f u r t h e r s t r e n g t h t o m y f i n d i n g s . 
A n u m b e r o f k e y d e c i s i o n p o i n t s i n r e l a t i o n t o m y c o n c e p t u a l a n d m e t h o d o l o g i c a l 
a p p r o a c h t o s u r g i c a l s t r e s s a r o s e d u r i n g t h e T h e s i s w o r k . S o m e o f t h e i s s u e s t a c k l e d 
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w e r e f o r e s e e n a t t h e b e g i n n i n g o f t h e r e s e a r c h , b u t o t h e r s a r o s e f o l l o w i n g t h e e v i d e n c e 
t h a t w a s b e i n g a c c u m u l a t e d v i a t h e r e v i e w o f t h e e v i d e n c e b a s e a t first, a n d t h e 
i n t e r v i e w a n d o b s e r v a t i o n a l s t u d i e s a t l a t e r s t a g e s o f t h e w o r k . T h e s e d e c i s i o n p o i n t s 
m e a n t t h a t s e v e r a l p a t h s c o u l d h a v e b e e n t a k e n , b u t u l t i m a t e l y o n e h a d t o b e c a r e f u l l y 
c h o s e n f o r t h e p u r p o s e s o f t h e T h e s i s . I m p o r t a n t l y , i n f o r m e d c o m p r o m i s e s h a d t o b e 
m a d e b e t w e e n w h a t m a y b e d e e m e d " i d e a l " f r o m a r e s e a r c h d e s i g n p e r s p e c t i v e , a n d 
w h a t w a s p r a c t i c a l l y a c h i e v a b l e g i v e n t i m e a n d r e s o u r c e c o n s i d e r a t i o n s , a s w e l l a s t h e 
v e r y n a t u r e o f c l i n i c a l s u r g e r y . 
F i r s t , a n e a r l y d e c i s i o n w a s t a k e n t o f o c u s u p o n a c u t e s t r e s s a n d n o t c h r o n i c s t r e s s . 
I d e a l l y , b o t h t y p e s o f s t r e s s w o u l d h a v e b e e n s t u d i e d . T h e r e a s o n a c u t e s t r e s s w a s 
c h o s e n w a s b e c a u s e i t s e f f e c t s a r e m o r e a p p a r e n t i m m e d i a t e l y - w h i c h m e a n s t h a t t h e y 
a r e r e l a t i v e l y e a s i e r t o s t u d y , t o m e a s u r e a n d t o r e c t i f y . P e r s o n a l l y , I t o o k t h e v i e w t h a t 
w i t h s u c h a p o w e r f u l r e l u c t a n c e i n t h e s u r g i c a l c o m m u n i t y t o a c k n o w l e d g e s t r e s s , 
g e t t i n g s u r g e o n s t o u n d e r s t a n d a c u t e s t r e s s ( w h e r e t h e y c o u l d m o r e e a s i l y s e e a n i m p a c t 
o n p a t i e n t s a f e t y ) w o u l d b e a n i m p o r t a n t f i r s t s t e p . 
A s e c o n d k e y d e c i s i o n w a s t o f o c u s u p o n i d e n t i f y i n g a n d r e d u c i n g s t r e s s i n t h e s u r g e o n 
a l o n e a n d n o t t h e s t r e s s i n t h e e n t i r e o p e r a t i n g t e a m . A l t h o u g h i t w o u l d h a v e b e e n i d e a l 
t o f u l l y u n d e r s t a n d t h e e f f e c t s a n d t h e c o n s e q u e n c e s t o t h e c o m p l e x i n t e r - r e l a t i o n s h i p s 
i n t h e O R o f s t r e s s , i t w a s d e e m e d a s a s t e p t o o f a r a n d b e y o n d t h e s c o p e o f a s i n g l e 
P h D . I n d e p t h , s c i e n t i f i c a l l y d e t a i l e d e x p l o r a t i o n f o c u s s i n g o n o n e p r o f e s s i o n a l g r o u p 
w a s c h o s e n a n i n i t i a l a p p r o a c h i n o r d e r t o d e v e l o p a n d e v a l u a t e a n i n t e r v e n t i o n t h a t w a s 
e f f e c t i v e i n r e d u c i n g s t r e s s f o r t h a t g r o u p - b e f o r e r o l l i n g i t o u t t o t h e r e s t o f t h e t e a m . 
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T a k e n t o g e t h e r w i t h m y o w n s u r g i c a l b a c k g r o u n d , t h e s e c o n s i d e r a t i o n s l e d m e t o 
f o c u s o n s u r g e o n s i n s t e a d o f a n a e s t h e t i s t s o r n u r s e s . 
T h i r d , r e g a r d i n g t h e i n t e r v e n t i o n , t h e c h o i c e w a s m a d e t o d e v e l o p a s t r e s s m a n a g e m e n t 
s t r a t e g y t h a t c o u l d b e f e a s i b l y i n c o r p o r a t e d i n t o e v e r y d a y s u r g i c a l p r a c t i c e . A n 
a d d i t i o n a l i m p o r t a n t c r i t e r i o n w a s t h a t t h e s t r a t e g y w o u l d h a v e t o b e s e e n b y s u r g e o n s 
t o h a v e a b e n e f i c i a l e f f e c t o n t h e i r t e c h n i c a l a n d n o n - t e c h n i c a l p e r f o r m a n c e . A l t h o u g h 
s e v e r a l o t h e r s t r e s s m a n a g e m e n t i n t e r v e n t i o n s h a v e b e e n r e p o r t e d i n t h e l i t e r a t u r e , s o m e 
o f w h i c h a r e e s p e c i a l l y g r o u n d e d i n a s t r o n g e v i d e n c e b a s e ( e g , C o g n i t i v e B e h a v i o u r a l 
T h e r a p y , E x p o s u r e T h e r a p y ) , m a n y o f t h e s e w e r e d e e m e d u n s u i t a b l e f o r u s e i n a b u s y 
s u r g i c a l s e t t i n g . M e n t a l P r a c t i c e w a s t h e r e f o r e c h o s e n - d e s p i t e n o t h a v i n g b e e n 
p r e v i o u s l y a p p l i e d t o s u r g e r y . I t i s , o f c o u r s e , e q u a l l y p o s s i b l e t h a t o t h e r i n t e r v e n t i o n s 
c o u l d h a v e w o r k e d j u s t a s w e l l . 
11.5 Limitations 
L o o k i n g b a c k o v e r t h e T h e s i s , t h e r e a r e s e v e r a l l i m i t a t i o n s t o t h i s w o r k . O n e k e y 
l i m i t a t i o n a r o s e f r o m t h e s i m u l a t i o n - b a s e d s e t t i n g o f m a n y o f t h e s t u d i e s . I n a n i d e a l 
s i t u a t i o n , i f o n e a i m s t o e v a l u a t e t h e e f f e c t s o f a n i n t e r v e n t i o n o n s u r g i c a l s t r e s s a n d 
p e r f o r m a n c e , t h e n s u c h s t r e s s o r s a n d p e r f o r m a n c e s h o u l d b e e x a m i n e d a s t h e y u n f o l d i n 
a l i v e o p e r a t i n g r o o m . H o w e v e r , s t u d i e s i n r e a l O R s a r e l i m i t e d b y t h e i r r e l i a n c e o n 
n a t u r a l l y o c c u r r i n g s t r e s s o r s a n d b y t h e i n a b i l i t y t o c o n t r o l f o r o t h e r p o t e n t i a l 
c o n f o u n d i n g f a c t o r s . I m p o r t a n t l y , i n t h e c l i n i c a l e n v i r o n m e n t p a t i e n t s a f e t y m u s t c o m e 
f i r s t a n d f o r e m o s t m a k i n g i t i n a p p r o p r i a t e t o ' r e c r e a t e ' s t r e s s o r s o r t o m e a s u r e 
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p e r f o r m a n c e a s a c c u r a t e l y a s o n e w o u l d l i k e . U s i n g a s i m u l a t e d O R o v e r c a m e t h i s 
p r o b l e m - i t p r o v i d e d a r e a l i s t i c , s a f e e n v i r o n m e n t w h i l s t s t i l l a l l o w i n g f o r d e t a i l e d d a t a 
c o l l e c t i o n . I t m u s t h o w e v e r b e b o r n e i n m i n d t h a t t h e b e n e f i c i a l e f f e c t o f t h e 
i n t e r v e n t i o n w a s t h u s o n l y d e m o n s t r a t e d i n s u c h a s e t t i n g a n d t h a t a n e c e s s a r y n e x t s t e p 
i s t o r e p l i c a t e t h i s p o s i t i v e i m p a c t i n t h e e n v i r o n m e n t o f a r e a l O R . 
R e g a r d i n g a s s e s s m e n t m e a s u r e s , t h e s h o r t 6 p o i n t s c a l e ( S T A I ) t o i n v e s t i g a t e s u r g e o n s ' 
s e l f - r e p o r t e d s t r e s s m a y i t s e l f h a v e b e e n a l i m i t i n g f a c t o r b y r e s t r i c t i n g t h e e f f e c t s i z e . 
T h e t o o l w a s n o t d e v e l o p e d w i t h s u r g e o n s i n m i n d , a n d t h e v a s t m a j o r i t y o f r e l e v a n t 
e m p i r i c a l a p p l i c a t i o n s t o d a t e h a v e b e e n w i t h p a t i e n t p o p u l a t i o n s , i n w h i c h c l i n i c a l l y 
s i g n i f i c a n t l e v e l s o f s t r e s s a r e s o u g h t . T h i s a s p e c t o f t h e r e s e a r c h m a y i n f a c t a c c o u n t 
f o r t h e l a c k o f s i g n i f i c a n t d i f f e r e n c e s i n s e l f - r e p o r t e d s t r e s s i n t h e final s t u d y ( C h a p t e r 
1 0 ) . T o a d d r e s s o r e x p a n d t h e a d e q u a c y o f S T A I a s a s t r e s s - c a p t u r i n g t o o l f o r s u r g e o n s , 
a d d i t i o n a l m e a s u r e s o f s u r g e o n s ' s t r e s s c o u l d b e d e v e l o p e d a n d v a l i d a t e d , a n d f o r m a l l y 
c o m p a r e d w i t h S T A I i n t h e i r p s y c h o m e t r i c p e r f o r m a n c e a n d a p p l i c a b i l i t y . R e g a r d i n g 
s u r g i c a l p e r f o r m a n c e , a l t h o u g h I d i d u s e t h e v a l i d a t e d O S A T S a n d O T A S s c a l e s t o 
a s s e s s p e r f o r m a n c e , u s e o f o t h e r m e a s u r e s a l o n g s i d e t h e s e s u c h a s G O A L S o r N O T S S 
w o u l d h e l p e s t a b l i s h c o n c u r r e n t v a l i d i t y . 
A t h i r d l i m i t a t i o n c o m e s fi-om t h e f a c t t h a t i n d i v i d u a l d i f f e r e n c e s s u c h a s p e r s o n a l i t y 
v a r i a b l e s a n d c o p i n g s t r a t e g i e s w e r e n o t a s s e s s e d . T h e s e c o u l d h a v e h a d a n i m p a c t o n 
t h e findings. P r e v i o u s r e s e a r c h h a s s h o w n t h a t d i f f e r e n t p e r s o n a l i t y " t y p e s " e x p e r i e n c e 
s t r e s s d i f f e r e n t l y , a n d t h a t p o o r c o p i n g s t r a t e g i e s a r e r e l a t e d t o p o o r e r 
p e r f o r m a n c e ( S c h u e t z e t a l . , 2 0 0 7 , H a s s a n e t a l . , 2 0 0 6 a ) , t h e r e f o r e s u g g e s t i n g t h a t 
a l t h o u g h s t r e s s o r s m a y b e e v e r p r e s e n t , c h o i c e o f a n e f f e c t i v e s t r e s s m a n a g e m e n t 
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s t r a t e g y m e d i a t e s t h e r e l a t i o n s h i p b e t w e e n i n t r a - o p e r a t i v e s t r e s s a n d p e r f o r m a n c e . 
A l t h o u g h s u c h a d d i t i o n a l m e a s u r e s w o u l d h a v e b e e n b e n e f i c i a l t o t h e T h e s i s , t h e y 
w o u l d h a v e r e n d e r e d t h e c o m p l e x i t y o f t h e r e s e a r c h p r o h i b i t i v e l y h i g h . F u r t h e r w o r k 
s h o u l d a d d r e s s t h e s e a s p e c t s o f s t r e s s m a n a g e m e n t s y s t e m a t i c a l l y b y i n c o r p o r a t i n g 
v a l i d a t e d s e l f - r e p o r t q u e s t i o n n a i r e s o f c o p i n g i n t o s t u d y d e s i g n . 
A f u r t h e r , l o g i s t i c a l l i m i t a t i o n o f t h i s w o r k c a m e f r o m t h e p a r t i c i p a n t s ; t h e s e w e r e b u s y 
s u r g e o n s , w h o s o m e t i m e s h a d t o w i t h d r a w f r o m t h e s t u d y d u e t o c l i n i c a l c o m m i t m e n t s 
- o f t e n a t t h e l a s t m i n u t e . T h i s l e d t o r e l a t i v e l y s m a l l s a m p l e s i z e s . I n a d d i t i o n t h e 
f i n d i n g s h e r e w e r e a l s o l i m i t e d t o o n l y o n e p r o c e d u r e - L a p a r o s c o p i c C h o l e c y s t e c t o m y . 
I d e a l l y t h e w o r k s h o u l d b e r e p e a t e d w i t h a l a r g e r n u m b e r o f s u r g e o n s a n d d i f f e r e n t 
p r o c e d u r e s t o d e t e r m i n e i f t h e b e n e f i t s o f m e n t a l p r a c t i c e a r e g e n e r a l i z a b l e . 
F r o m a T h e s i s p e r s p e c t i v e , t h e s e l i m i t a t i o n s c o u l d h a v e p o t e n t i a l l y b e e n a d d r e s s e d h a d 
m o r e t i m e a n d r e s o u r c e s b e e n a v a i l a b l e . L i m i t e d r e s o u r c e , t h e r e f o r e , i s a n o v e r a l l 
h m i t a t i o n i n h e r e n t t o t h e T h e s i s - w h i c h i s i m p o r t a n t a s i t h a s h a d c o n t r i b u t i o n t o a l l t h e 
i s s u e s m e n t i o n e d a b o v e . W i t h m o r e t i m e a n d r e s o u r c e t o w o r k o n t h i s p r o j e c t , t h e 
e m p i r i c a l w o r k c o u l d b e t r a n s f e r r e d t o r e a l O R , a d d i t i o n a l p r o c e d u r e s c o u l d b e 
i n c l u d e d , a d d i t i o n a l a s s e s s m e n t t o o l s c o u l d b e u s e d i n f u r t h e r s t u d i e s , i n d i v i d u a l 
d i f f e r e n c e s c o u l d b e t a k e n i n t o a c c o u n t b y f o c u s i n g o n p e r s o n a l i t y a n d s t r e s s c o p i n g 
s t y l e s a c r o s s a l a r g e r n u m b e r o f s u r g e o n s - a n d s o o n . I n a d d i t i o n , I a m w e l l a w a r e o f 
h o w t h e s e l i m i t a t i o n s a r e l i n k e d t o t h e c h o i c e s d e s c r i b e d i n d e t a i l a b o v e - h o w e v e r , 
g i v e n t h e a i m s o f m y D o c t o r a l s t u d i e s , t h e s e c h o i c e s h a d t o b e m a d e i n t h e l i g h t o f 
l i m i t e d t i m e a n d r e s o u r c e . F u r t h e r s t u d i e s s h o u l d a d d r e s s t h e s e i s s u e s , a s o u t l i n e d i n t h e 
r e l e v a n t s e c t i o n b e l o w . 
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11.6 Implications for practice 
S u c c e s s f u l s u r g e r y d e p e n d s o n a c o m b i n a t i o n o f t e c h n i c a l a n d n o n - t e c h n i c a l q u a l i t i e s , 
a n d t h e r e i s g r o w i n g i n t e r e s t a n d e x p e r t i s e i n t h e a s s e s s m e n t o f b o t h a s p e c t s ( e . g . , 
O S A T S , N O T E C H S , O T A S ) ( M a r t i n e t a l . , 1 9 9 7 , F l i n R e t a l . , 2 0 0 8 ) . H o w e v e r , t h e 
m a n a g e m e n t o f s u r g i c a l s t r e s s r e m a i n s c o n s p i c u o u s l y a b s e n t b o t h i n t h e l i t e r a t u r e a n d 
i n s u r g i c a l t r a i n i n g , d e s p i t e b e i n g a u n i v e r s a l e l e m e n t o f s u r g e r y . T h i s i s o f s i g n i f i c a n t 
c o n c e r n b e c a u s e s t u d i e s h a v e s h o w n t h a t s t r e s s n o t o n l y a f f e c t s t e c h n i c a l s k i l l , b u t a l s o 
t e a m - w o r k i n g , j u d g e m e n t a n d d e c i s i o n m a k i n g ( W e t z e l e t a l . , 2 0 0 6 b , A r o r a e t a l . , 
2 0 0 8 b ) . M a n y a d v e r s e e v e n t s h a v e b e e n a t t r i b u t e d t o f a i l u r e s i n t h e s e n o n t e c h n i c a l 
s k i l l s ( G a w a n d e e t a l . , 1 9 9 9 ) a n d t h e r e f o r e i f s t r e s s i m p a i r s t h e m i t o u g h t t o b e t a k e n 
s e r i o u s l y b y t h e s u r g i c a l c o m m u n i t y . T o d a t e , h o w e v e r , c l i n i c a l p r a c t i c e h a s b e e n r a t h e r 
s l o w i n r e s p o n d i n g t o t h i s e v i d e n c e . A t p r e s e n t , f r o m a n i n d i v i d u a l p e r s p e c t i v e , 
a c k n o w l e d g i n g t h e e x i s t e n c e o f s t r e s s r u n s c o u n t e r t o t h e s u r g i c a l c u l t u r e o f ' p u t t i n g u p ' 
w i t h d i f f i c u l t c i r c u m s t a n c e s a n d ' g e t t i n g o n w i t h t h e j o b ' . A t a n i n s t i t u t i o n a l l e v e l , 
s t r a t e g i e s f o r m a n a g i n g s t r e s s d o n o t f o r m p a r t o f t h e f o r m a l c u r r i c u l u m . A s a r e s u l t , t h e 
first t i m e t h a t a t r a i n e e s u r g e o n e n c o u n t e r s a s t r e s s f i i l s i t u a t i o n m a y b e w h e n h e o r s h e 
i s d i r e c t l y r e s p o n s i b l e f o r d e a l i n g w i t h i t - a s i t u a t i o n h a r d l y a p p r o p r i a t e e i t h e r f o r 
l e a r n i n g o r p r o v i d i n g s a f e p a t i e n t c a r e . 
T h e w o r k r e p o r t e d i n t h i s T h e s i s i s a n i m p o r t a n t first s t e p i n r e c o g n i z i n g o p e r a t i v e 
s t r e s s a s a s i g n i f i c a n t f a c t o r a f f e c t i n g s u r g i c a l p e r f o r m a n c e a n d o u t c o m e s . T h e c l e a r 
n e e d f o r e f f e c t i v e , s t r u c t u r e d a n d a f f o r d a b l e t r a i n i n g i n i n t r a - o p e r a t i v e s t r e s s 
m a n a g e m e n t i s a p p a r e n t . O t h e r r e s e a r c h e r s a l s o s u g g e s t t h a t t h e ' a r o u s e d e m o t i o n a l 
s t a t e o f s u r g e o n s d u r i n g a n o p e r a t i o n m a k e t h e m m o r e p r o n e t o m a k e m i s t a k e s a s a 
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r e s u l t o f p h y s i c a l a n d m e n t a l f a t i g u e a n d s t r a i n ' ( D e m i r t a s e t a l . , 2 0 0 4 ) . T a k i n g t h i s 
p o i n t f u r t h e r , t h e s e r e s e a r c h e r s c o n c l u d e t h a t s u r g e o n s m a y h a v e a l e g a l r e s p o n s i b i l i t y 
t o c o n s i d e r t h e p o t e n t i a l l y n e g a t i v e i m p a c t t h a t t h i s s y m p a t h e t i c h y p e r a c t i v i t y c a n h a v e 
o n t h e i r p e r f o r m a n c e . 
A r e c o g n i s e d m o d e l o f s t r e s s ( L a z a r u s , 1 9 9 3 a ) s t i p u l a t e s s t r e s s i s e x p e r i e n c e d b y a n 
i n d i v i d u a l w h e n p e r c e i v e d r e s o u r c e s a r e o u t w e i g h e d b y p e r c e i v e d d e m a n d s . I n c r e a s i n g 
t h e p e r c e i v e d r e s o u r c e s a v a i l a b l e b y p r o v i d i n g t h e o p p o r t u n i t y t o p r a c t i c e s t r e s s 
m a n a g e m e n t i s t h u s a n e f f e c t i v e m o d e o f c o p i n g w i t h s t r e s s . T h e m e n t a l p r a c t i c e 
i n t e r v e n t i o n d e v e l o p e d a n d v a l i d a t e d w i t h i n t h e T h e s i s c a n b e u s e d t o p r o v i d e s u c h 
t r a i n i n g . I m p o r t a n t l y , m e n t a l l y r e h e a r s i n g t h e p r o c e d u r e a n d t h e p o t e n t i a l s t r e s s o r s t h a t 
m a y b e e n c o u n t e r e d b e f o r e a c t u a l l y p e r f o r m i n g a t a s k c a n b e u s e d b y a n y s u r g e o n , 
a n y w h e r e a n d a t a n y t i m e . W h e n u s e d i n c o n j u n c t i o n w i t h t h e W H O c h e c k l i s t , t h i s w o r k 
h a s t h e p o t e n t i a l t o m a k e s i g n i f i c a n t i m p r o v e m e n t s t o p a t i e n t c a r e a n d t h e w e l l b e i n g o f 
h e a l t h c a r e p r o f e s s i o n a l s w i t h i n s u r g e r y . 
11.7 Future work 
A s s t a t e d a b o v e , f u t u r e r e s e a r c h s h o u l d first o f a l l a d d r e s s t h e l i m i t a t i o n s o f t h e s t u d i e s 
r e p o r t e d h e r e , a i m i n g t o e x t e n d t h e i r a p p l i c a b i l i t y a n d c o n t r i b u t e t o t h e f u r t h e r 
v a l i d a t i o n o f m e n t a l p r a c t i c e a s a t r a i n i n g i n t e r v e n t i o n . T h i s c a n b e a c h i e v e d i n a 
n u m b e r o f w a y s . O b s e r v a t i o n s i n r e a l O R s c a n b e c a r r i e d o u t t o m o n i t o r s u r g e o n s w h o 
h a v e r e c e i v e d t h e i n t e r v e n t i o n c o m p a r e d t o t h o s e w h o h a v e n o t . I n a d d i t i o n , a s h o r t e n e d 
v e r s i o n o f t h e m e n t a l p r a c t i c e i n t e r v e n t i o n s c r i p t t h a t I d e v e l o p e d c o u l d b e d e p l o y e d 
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a n d t e s t e d f o r e f f i c a c y p r o s p e c t i v e l y i n r e a l O R s , i n a r a n g e o f p r o c e d u r e s . S u c h 
s t u d i e s w o u l d e x t e n d t h e c u r r e n t e v i d e n c e b a s e o n t h e a p p l i c a t i o n o f m e n t a l p r a c t i c e 
p r o t o c o l s t o o p e r a t i v e s u r g e r y . 
F u r t h e r w o r k s h o u l d a l s o e x p l o r e d i f f e r e n t f a c e t s o f m e n t a l p r a c t i c e i n s u r g e r y . F i r s t o f 
a l l , t h e r e i s t h e q u e s t i o n o f t h e r e t e n t i o n o f m e n t a l p r a c t i c e a n d i t s i m p a c t o n s t r e s s 
m a n a g e m e n t a n d o p e r a t i v e p e r f o r m a n c e i n t h e l o n g e r t e r m . I t i s c u r r e n t l y u n k n o w n 
" h o w m u c h " m e n t a l p r a c t i c e i s e n o u g h , a n d a t w h a t i n t e r v a l t h e t r a i n i n g o u g h t t o b e 
r e p e a t e d f o r m a x i m u m e f f i c a c y o v e r t i m e . I f m e n t a l p r a c t i c e i s s h o w n t o w e a r o f f 
s l o w l y , t h e p o t e n t i a l e f f e c t i v e n e s s o f t h e i n t e r v e n t i o n w o u l d i n c r e a s e s u b s t a n t i a l l y . 
D i f f e r e n t m e t h o d s o f d e l i v e r y f o r t h e i n t e r v e n t i o n c o u l d a l s o b e e x p l o r e d - f o r e x a m p l e , 
i n i t i a l d e l i v e r y i n a c l a s s r o o m f o r m a t c o u l d m a k e t h i s m o r e a c c e s s i b l e t o a l a r g e r 
n u m b e r o f s u r g e o n s , i n c l u d i n g t h o s e w h o d o n o t h a v e s i m u l a t i o n f a c i l i t i e s . 
I n a d d i t i o n t o m e n t a l p r a c t i c e p e r s e , a n i m p o r t a n t n e x t s t e p t h a t n a t u r a l l y f o l l o w s o n 
from t h i s T h e s i s s h o u l d b e t o i n v e s t i g a t e s t r e s s i n s u r g i c a l teams r a t h e r t h a n i n d i v i d u a l s . 
T h i s r e s e a r c h s h o u l d a d d r e s s s t r e s s w i t h i n a n d b e t w e e n p r o f e s s i o n a l g r o u p s , a n d i n t h e 
r e l a t i o n s h i p b e t w e e n i n d i v i d u a l s a n d t h e e n v i r o n m e n t i n w h i c h t h e y w o r k . E a c h o f t h e s e 
p r o f e s s i o n a l s r e q u i r e s e x p e r t i s e i n t h e i r o w n d o m a i n , b u t a l l h a v e t o f u n c t i o n t o g e t h e r i n 
o r d e r t o a s s u r e a s a f e o u t c o m e f o r t h e p a t i e n t . E a c h e x p e r i e n c e s s t r e s s a t m u l t i p l e l e v e l s , 
b o t h w i t h i n t h e i r d o m a i n a n d r e l a t i n g t o t h e w i d e r t e a m . A t p r e s e n t , h o w e v e r , t h e r e i s 
l i t t l e o p p o r t u n i t y f o r t h e e s t a b l i s h m e n t o f a s h a r e d u n d e r s t a n d i n g o f h o w t o o p t i m a l l y 
f u n c t i o n a s a t e a m , o r h o w b e s t t o r e s p o n d t o s t r e s s f u l e v e n t s . G i v e n i t s e f f i c a c y w i t h 
s u r g e o n s , a m e n t a l p r a c t i c e - b a s e d i n t e r v e n t i o n f o r t h e e n t i r e O R t e a m c o u l d b e a 
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p o t e n t i a l w a y f o r w a r d - b u t o t h e r m e a n s t o r e d u c e a n d b e t t e r m a n a g e s t r e s s a t t e a m 
l e v e l s s h o u l d a l s o b e e x p l o r e d . 
11.8 Personal reflection 
A l m o s t t h r e e y e a r s h a v e p a s s e d s i n c e I f i r s t b e g a n m y r e s e a r c h o n s u r g i c a l s t r e s s . M u c h 
h a s h a p p e n e d s i n c e t h a t t i m e , m u c h h a s c h a n g e d a n d m u c h m o r e i s c o n t i n u i n g t o 
c h a n g e . W i t h a n e w g o v e r n m e n t i n p o w e r , t h e l a n d s c a p e o f h e a l t h c a r e i s s e t t o s h i f t 
o n c e a g a i n . T h e l i k e l y i m p a c t o f t h i s o n s u r g e o n s a n d t h e i r p r a c t i c e w i l l i n e v i t a b l y b e t o 
f u r t h e r i n c r e a s e t h e s t r e s s o r s a l r e a d y p r e s e n t . I n t h i s c u r r e n t c l i m a t e , t h e n e e d f o r a n 
e f f e c t i v e s t r e s s m a n a g e m e n t s t r a t e g y h a s n e v e r b e e n g r e a t e r . F o r t u n a t e l y s u r g i c a l 
t r a i n i n g h a s a l s o b e g u n t o s h i f t t o w a r d s g r e a t e r f o c u s u p o n n o n - t e c h n i c a l s k i l l s a n d 
p a t i e n t s a f e t y . T h i s c a n b e s e e n i n t h e i n c r e a s i n g a t t e n t i o n g i v e n t o t h e f i e l d i n t h e p a g e s 
o f s u r g i c a l j o u r n a l s , a t h i g h p r o f i l e c o n f e r e n c e s a n d w i t h i n c l i n i c a l t r a i n i n g c o u r s e s . 
It s e e m s a s t h o u g h t h e s u r g i c a l c o m m u n i t y t o o i s m o r e r e a d y a n d m o r e a m e n a b l e f o r 
t h i s c h a n g e . T h e L o n d o n D e a n e r y , w h i c h p r o v i d e s a n o v e r v i e w o f c l i n i c a l t r a i n i n g , h a s 
c o m m i s s i o n e d t h e d e v e l o p m e n t o f t r a i n i n g p r o g r a m m e s i n b o t h s i m u l a t i o n a n d s a f e t y . 
H a v i n g s u c c e s s f u l l y a p p l i e d f o r t h i s , I h a v e u s e d t h e k n o w l e d g e f r o m m y d o c t o r a l w o r k 
t o d e v e l o p a n d r u n a s a f e t y s k i l l s t r a i n i n g p r o g r a m m e f o r s u r g i c a l r e g i s t r a r s . A k e y 
e m p h a s i s o f t h i s h a s b e e n u p o n t e a c h i n g t h e t e c h n i q u e s o f m e n t a l p r a c t i c e t o r e d u c e 
s t r e s s a n d e n h a n c e s a f e t y . S u r p r i s i n g l y , t h e r e c e p t i o n I r e c e i v e d from s u r g e o n s w h e n I 
d e l i v e r e d t h i s c o u r s e w a s v e r y d i f f e r e n t t o w h a t I s a w w h e n I first c o n d u c t e d m y 
o r i g i n a l i n t e r v i e w s t h r e e y e a r s a g o . T r a i n e e s s e e m e d m o r e w i l l i n g t o d i s c u s s t h e 
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p r o b l e m s t h e y e n c o u n t e r i n t h e i r p r a c t i c e , t h e n e g a t i v e c o n s e q u e n c e s o f s t r e s s a n d 
s t r a t e g i e s t o m i t i g a t e i t s e f f e c t s . I t s e e m s a s t h o u g h t h e a w a r e n e s s o f s t r e s s h a s i n c r e a s e d 
a n d i n s t i t u t i o n a l c u l t u r e h a s b e g u n t o s l o w l y e v o l v e i n t o o n e o f a c c e p t a n c e , 
u n d e r s t a n d i n g a n d s a f e t y . 
O n a m o r e p e r s o n a l l e v e l , t h e o p p o r t u n i t y t o e n g a g e i n t h i s r e s e a r c h h a s p r o v e d t o b e a n 
i n v a l u a b l e e x p e r i e n c e . I h a v e l e a r n t a b o u t a n d u n d e r s t o o d t h e m a n y f a c e t s o f s a f e 
s u r g i c a l p r a c t i c e - s o m e o f w h i c h I w a s a w a r e o f a t a t a c i t l e v e l , o t h e r s w h i c h I h a d n o t 
e v e n r e a l i s e d t h e i m p o r t a n c e o f I f e e l t h a t t h i s h a s s i g n i f i c a n t l y c o n t r i b u t e d t o m y 
d e v e l o p m e n t a s a s u r g e o n a n d a s a n a c a d e m i c . R e g a r d i n g t h e f o r m e r , u n d e r s t a n d i n g t h e 
c o n s e q u e n c e s o f s t r e s s a n d r e g u l a r l y e n g a g i n g i n m e n t a l p r a c t i c e h a s m a d e m e b e t t e r 
p r e p a r e d a n d b e t t e r a b l e t o d e a l w i t h a n y p r o b l e m s t h a t a r i s e i n m y c l i n i c a l w o r k . 
R e g a r d i n g t h e l a t t e r , I h a v e l e a r n t t o b e t t e r m a n a g e m y t i m e , m y r e s o u r c e s a n d t h e 
m u l t i p l e p e o p l e a r o u n d m e - n o d o u b t v a l u a b l e s k i l l s s u i t a b l e t o m y e v e r y d a y l i f e a s a 
p r a c t i c i n g s u r g e o n . 
T h i s j o u r n e y h a s n o t b e e n e a s y . I h a v e b e e n p l a g u e d w i t h c o n s i d e r a b l e d i f f i c u l t i e s b o t h 
i n h e r e n t t o m y s e l f a n d t o t h e field o f w o r k . O f t e n t h e f e e l i n g s o f f r u s t r a t i o n h a v e b e e n 
i m m e n s e - f r u s t r a t i o n a t o t h e r s f o r n o t u n d e r s t a n d i n g t h e i m p o r t a n c e o f t h i s w o r k , 
f r u s t r a t i o n a t t h e t e c h n o l o g y f o r b r e a k i n g d o w n , f r u s t r a t i o n a t t h e figures w h e n t h e 
r e s u l t s w e r e n o t a s e x p e c t e d . O n t h e flip s i d e , s u c h f h i s t r a t i o n h a s b e e n c o u p l e d w i t h 
g r e a t r e w a r d . G r e a t r e w a r d f o r t h e p e r s e v e r a n c e p a y i n g o f f a n d t h e T h e s i s f i n a l l y t a k i n g 
s h a p e , b u t m o s t i m p o r t a n t l y g r e a t r e w a r d b y h a v i n g t h i s w o r k b e i n g a c c e p t e d a n d 
v a l u e d b y m y c o l l e a g u e s . T h i s c a n b e e n c a p s u l a t e d i n t h e f e e d b a c k g i v e n t o m e firom 
o n e s u r g e o n a f t e r r e c e i v i n g t r a i n i n g : 'Thankyou so much. This is so crucially 
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important...! have been waiting all my career to receive this kind of training — the only 
question is why did it not come sooner?' T h i s i s t h e e x a c t t h o u g h t t h a t I h a d i n m i n d 
w h e n I d e c i d e d t o s t u d y t h i s field. I s i n c e r e l y h o p e t h a t t h e i n t e r v e n t i o n d e v e l o p e d i n 
t h i s T h e s i s w i l l p a v e t h e w a y f o r p r o v i d i n g e f f e c t i v e t r a i n i n g i n m a n a g i n g s t r e s s f o r 
c l i n i c i a n s t h r o u g h o u t t h e i r c a r e e r s . I n t h i s w a y , I d o n o t s e e t h i s a s t h e e n d o f m y w o r k 
b u t a s t h e s t a r t o f a j o u r n e y - t h e j o u r n e y t o e n h a n c e d p e r f o r m a n c e a n d p a t i e n t s a f e t y 
w h i c h a l t h o u g h l o n g , m u s t s t a r t w i t h a s m a l l s t e p . 
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Appendix A Interview Topic Guide 
Topic Key Points/Phrases 
1. Introduction -Establish id of who I'm speaking to 
-Introduce project - state aim of interview; rationale for interview 
2. Identify key 
stressors 
Opening statement "First of all, I'd like to talk about stress in general" 
How do you define stress? 
Pre-empt statement to normalise stress - "When our team first 
interviewed surgeons about stress, it took a while in each interview to get 
to individuals' experiences of stress in the theatre 
Do you think surgeons as a community have difficulty in acknowledging 
stress? Or coping with stress? 
Do you think that using the term stress is unhelpful? 
Have you got any suggestions? 
What if we called it something else eg crisis management training? 
Is stress ever detrimental? Ever beneficial? 
What do you notice in others when they are affected by stress? Are you 
able to detect when others are stressed? 
What about you? Do you ever feel stressed? 
How do you know when you are feeling stressed? 
-What kind of things cause you stress at work? 
- If we focus on intra-operative stress, what in the operation can be 
stressful? 
-What are the most challenging aspects of operating? 
In what ways does stress affect your performance? 
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3. Identify 
responses 
4. Identify 
example of stress 
5. Identify coping 
strategies 
How do you respond to stress? / Challenges 
Draw on examples from stressors that the interviewee has identified in 
- What is your response to stress? 
Physical? Emotional? Cognitive? Impact on judgement? Effect on 
communication? 
- Think about a time you were in the OT and there was a stressful event 
you were involved in... 
Take a minute... then I'm going to ask you to talk through what 
happened... 
What preceded it? What happened? What was your response? Others? 
- What did you find stressful about it? 
- How did you cope with it? 
- What are you personal strategies to deal with that kind of problem? 
Linking statement; summarising what has been learned so far...so we've 
talked about potential stressors and responses, 
Now I want to talk with you about the main topic in our project -
managing intra-operative stress. 
We learned in our first interviews that many experienced surgeons have 
well defined strategies for dealing with stress even though they hadn't 
been taught this... 
What do you do? 
- Are there any strategies you have to reduce your own stress levels? 
- Anything you do to minimise stress in your practice? 
Pre op preparation? 
Intra op (esp intraop crises) 
Post op 
- How do you manage (your emotions) to stay calm in emergencies or 
complications 
317 
6. Identify 
training solutions 
Transition statement- "moving on now to try and learn from these coping 
strategies. 
How important do you think training in stress management would be? 
Do you think surgeons would benefit from being trained in stress 
management? 
- If you were going to devise stress training, what methods would you 
use? 
Who would you aim it at? 
How would you encourage participation? 
- How would we know if it worked? 
What would be the end outcome measure? 
- If someone offered you stress training, what would encourage you to use 
it - how could they sell it to you? 
7 Intervention ? 
Simulation 
Transition statement - " so talking about training programmes for 
surgeons, I come from St Marys where a lot of work is based upon using 
simulation for training surgical skill - both technical and non technical" 
What's your experience of using simulation? In training? In assessment? 
What do you think about the place of simulation in surgical training? 
We are planning a training method for managing stress...If you were to 
attend a course this week, what would you most like to learn/would 
benefit from...? 
What do you think we might incorporate? 
If we were to recreate a scenario that you found stressful, which one 
would it be...? 
Would you use a simulation based stress intervention tool? 
Any problems in uptake? 
What would encourage you to use it? 
What about other aids - written, web based etc 
8. Questions Is there anything further...? 
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Appendix B Sample Interview Transcript 
Right, I'm just going to establish my identity. My name's Sonal Arora, you already know 
me. You are surgeon 506. Can you confirm that and confirm your speciality and year of 
training? 
Surgeon 506, speciality cardiothoracics, year of training two. 
What I'm going to be talking about is stress in general. Firstly I'd like to know how you 
define stress. 
Stress can be either et/stress or distress, where you have certain pressures exerted and 
external pressures that have a direct impact on your performance and certainly initially stress 
can be beneficial but once it moves beyond a certain point then I find it quite counter-
productive. 
Do you think surgeons as a community have a difficulty in acknowledging stress? 
I think so. I think its part of your training and you know you're getting into a stressful 
environment and yes, but I don't think we acknowledge stress, even though we work in a 
stressful job. 
You mention that stress can be detrimental, why is that? 
Because when it affects your clarity of your judgement and your thinking you lose focus, and 
that's when your performance starts to decline. 
Do you notice that when you are feeling stressed? 
Yes. 
How? How do you notice? 
I get sweaty, my pulse, I'm aware that my heart is beating faster. I get light headed and a sort 
of butterflies sensation in the stomach. 
What kind of things cause you stress at work? Particularly in the operative environment. 
I suppose its unanticipated problems which, hopefully, are few and far between, bleeding, when 
you've made an error, when something is unexpected. 
Can you give me examples of what in an operation, can be stressful? 
For example in cardiothoracics if you're opening the sternum and you saw through the right 
ventricle and blood is pouring all over the place that's as stressful as I have experienced 
actually. 
Now, what do you think are the most challenging aspects of an operation? 
Challenging. To make sure you do a perfect job, all the time, every time. 
And how do you think stress affects your performance? Does it affect your 
performance? 
It certainly does, like I said. Beneficial up to a point but afterwards it's no good. 
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Why? What happens? 
To be under stress? You lose focus. I can't think straight and usually the stressful moments 
are a time when you need to be thinking quickly and clearly and that's why effective stress 
management can hopefully prevent that. 
So, when you do have a stressful event, like you mentioned the example of the bleeding 
ventricle or anything, something like that, how do you cope with that? What kind of 
strategies do you, personal strategies, do you have to deal with stress? 
Put your hand on the bleeding, big breath in, call for help, if you don't have senior help around 
and you just pause for a while, try and get yourself under control before you, you need to be in 
control of your own facilities otherwise you will lose the patient. So, for that brief moment of 
time, you need to take a step back and reassess things and I find a big deep breath, clearing 
your head, does the trick. 
What about, that's obviously when something goes wrong, what we've actually learned 
so far is, talking to other surgeons about things that can cause stress and how you 
respond. Lots of people have well defined strategies for dealing with the whole issue, 
not just the one episode of bleeding, even though no one's explicitly been taught this. 
Anything that you do, if you even break it up into like pre op, intra op and post op? 
Pre operatively I make sure I know the patient backwards and forwards and I've seen them and 
I've spoke, to them I know as much, I'm happy, that I know as much as possible before the 
patient is anaesthetised. Then, on the day of the surgery I find hand washing to be quite 
relaxing and it focuses my mind. By this stage, I sort of play the operation each step backwards 
and forwards in my mind a number of times, so I know what I'm going to do and I tailor my 
operation to this individual patient's needs, and my time to just bring that into focus would be 
during the hand washing routine. And then intra operatively you just, the way I look at it, if 
you're not prepared before you're going to run, you're guaranteed to run into troubles during the 
operation. So, I sort of run on auto pilot really, because I'm ready and then should I encounter 
something not expected, that's when you've got to take a step back and reassess and move on. 
And following the operation how do I deal with stress? Well then there's no stress because 
chances are, the likelihood is that you've done, you've caused more benefit for this patient and 
it's quite satisfying post operatively. Of course, if you make a complete mess of it, well then 
you're in shambles after the procedure, but it hasn't happened. 
How do you, so when there is an emergency or a complication or something goes wrong 
in theatre, how do you control yourself? How do you control your emotions to stop 
panic setting in really? 
You need to assess things intelligently, in an adult manner. I've actually seen a therapist and 
I've talked about this and we've verbalised this, and when it's actually happened, again it's all 
sort of my mind, the way 1 look at it, it's all pre conditioning. So, when it happens there's, you're 
not going to think how are you going to calm yourself down? You do what's right for you, for me 
it's taking a big breath in, pausing, if I can take a step away I do, talking, just getting some 
reassurance from colleagues around me and also letting them know because people can sense 
when you're not in control and I find that feeds on itself, so you've got to show that you're 
confident and you know what you're doing. And your colleagues are there to support you. 
Do you think, as a trainee at the moment, do you think your seniors recognise when you 
are stressed? 
Yes 
And what do they do? Do they help you or do they carry on regardless? 
320 
Well I, I have help. When my hands start shaking, and sometimes the way I was trained is they 
deliberately try and put you under stress to see how you would react and then they talk you 
through it, they calm you down, they give lots of reassurance along the way but certainly they 
help you out. And they can tell, if you're operating and someone is on the opposite side of the 
table you know when they're stressed because their level of performance, their precision, their 
focus is just not there and I think it's part, it go, being the senior operator or the operator in 
charge, that's also your responsibility as well to pick up on whether your juniors are not 
performing to their optimum level, and if they are stressed out. 
OK. So, moving on, to try and learn from these different ways of coping, do you think 
surgeons should be trained in stress or crisis management? 
I would have thought so. 
Do you think they'd benefit from it or is it just a waste of time? 
Well, it's a patient's life you're playing with and if stress can have deleterious effect on that 
patient's outcome, as the responsible health care professional you're sort of beholden to make 
sure you know how to deal with your own stress. And it's a foolish person who would say 
they're not stressed out by an operation, it is by the nature and definition of the thing a stressful 
time. 
So if you were going to teach surgeons about training to better deal with stress, what 
kind of methods would you use? What do you think is important to get across? 
You need to find your own routine and find out what works for you and in the early days you 
need to sort of experiment around and take tips from other people and see what they do. If 
there's any formal sort of stress management programme, that's certainly used for simulation in 
the airline industry, people learn on simulators and they fly a plane perfectly well the first time 
ever, when they sit in a cockpit, for the first time. So, why can't we have that in surgery? 
So who would you aim this at? 
I would start in medical school. I would certainly see if there's any room to introduce something 
like this in the curriculum because it doesn't only apply, stress is not specific only for surgeons, 
so from the medical school up and then just more specifically, part of your basic surgical 
training. 
And how would you encourage people to come along with it? Because a lot of people 
are, ah stress training, that's all another management thing and, it's not really clinical, 
it's not really technical? 
Yeah, but you can make it compulsory, that's one way. As part of the core, one of your 
modules you have to complete and even by that way, even if they don't see the benefits then 
and there, they will have had some training and it's something they can draw on in the future. 
So apart from making it compulsory any other way to get people to come along? 
Because, obviously, to make it compulsory you've got to kind of prove it works but we're 
at the devising and piloting stage? 
I don't know. What would make me go, I would personally seek out and go for a stress 
management program in surgery but if I wasn't inclined I suppose, if you want to sell it, you've 
got to make it attractive, how you do that I don't know? 
Any ideas? 
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You can offer, if you're talking about simulation, I would have thought that's an attractive 
proposal enough. 
So how we would know if this program works? 
I'm sure the outcome, there're ways to measure surgical performance and you can compare. 
You can monitor the trainees in a simulated environment without stress or without the 
introduction of a stressor and then test them again with the stressor, see how they respond. 
You can, and I suppose finally, you repeat it a second or third time when they have been taught 
stress management. 
So, you mentioned simulation without me saying anything, why do you talk about using 
simulation? 
Yeah, well practice makes perfect and the time to practice is not on live patients. Those days, I 
think, are gone. We have the technology now, we live in the 21®' century, we can practice on a 
realistic computer simulation until we're happy and we can simulate all possible events. I really 
don't see what's the alternative. 
Do you, have you ever used simulation before? 
I have and I find it very, very useful. 
What have you used it in? 
I have used it for laparoscopic cholecystectomies. I have used it for laparoscopic nissens, 
thoracoscopic procedures and I have also, what was quite useful for me to practice was 
operating in a wet lab on anaesthetised animals. 
So, if we are going to train surgeons to manage stress using simulation how do you 
think we can do that? What would we incorporate into this program? 
You have to build a confidence in their own manual dexterity and skills and you can do that 
easily with a simulator. So you get, you train them up to a certain level on the simulator and 
then you have another scenario where something goes wrong. You interview them before and 
after, you take objective measurements and you use feedback to find out where they think they 
went wrong, and if there are any other ways you can counsel them and guide them by asking 
them to implement stress management techniques, whatever it is and then run the scenario 
again. 
But what would we, what I'm asking you really is, these stress management techniques, 
what could we use that would be, there's so many things out there, but the idea is, is to 
really tailor it to a form that's acceptable and useable by surgeons. Now, as a surgeon, 
what would you like to have from it? 
How to manage my stress? 
What would you like to know about? 
Well, I would like to know what 1 should be looking out for introspectively, so I can tell that I'm 
getting stressed so I pick up on it fairly early rather than major panic stations later on down the 
line. And then I use techniques like deep breathing or whatever else is on offer, which I find 
useful to calm me down right then and there. 
If you were to attend such a course this week, what do you think you would benefit 
from? 
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Being stressed out, seeing how I react, analysis of my performance and then I would sit down 
and think of what I did wrong and ways to improve it, and I would like to do it again. 
So if we were going to recreate a scenario that you found stressful, like you said, use 
simulator with a stressor, what scenario could we use? Something that can be 
simulated. 
The obvious thing that comes to my mind because I've done it all ready is the carotid 
endarterectomy with a patient stroking, I found that was quite realistic and quite good. Gall 
bladder operation, if you hit the liver and cause major bleeding that can be stressful 
Anything apart from bleeding and equipment failure? 
To stress patients out. You can have someone, your assistant, anything can happen in an 
operating theatre so whatever, human factors, if your assistant says he has to leave, what else? 
If the patient has an allergic reaction to some anaesthetic agents or anything else. 
Do you think we'd get any problems in uptake of a simulation based intervention at all? 
Well, I don't know what's the alternative and if I'm going to go into stress management it has to 
be something I find interesting and appealing and that would be for me, simulation. 
Do you think the term stress management itself is a problem? 
Yeah, it has it's, I don't know. Initially, I thought as a surgeon it can be misinterpreted to 
represent weakness and there's the whole machismo about being a surgeon etc. And stress 
management, you think it's for people who can't deal or can't cope, and surgeons don't 
necessarily see themselves in that type of setting. 
So do you think there's another way of framing it that would encourage surgeons to be 
more receptive to? 
What about surgical crisis management? 
But then, the word crisis kind of invokes the idea of something disastrous. 
Well, if you don't cope with your stress appropriately it can be disastrous. 
Anything else you'd like to add? Any other ideas or 
No. 
Well, thank you very much for your time. I'll give you a transcript of the interview. 
END OF INTERVIEW 
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Appendix C Short Form of State Trait Anxiety Inventory 
. 
Not at all Somewhat so Moderately so Very much so 
I feel calm 1 2 3 4 
I feeljLipsct i ^ 2 
& 
3 4 
I feel content 1 2 3 4 
I feel tense .1 ' 
. 
2 3 4 
I feel relaxed 1 2 3 4 
I feel worried 1 2 3 4 
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Appendix D Technical skills rating scale 
Objective Structured Assessment of Technical Skills (OSATS) 
General 
Skill 
1 2 3 4 5 
Respect For 
Tissue 
Frequently used 
unnecessary force 
on tissue or 
caused damage 
by inappropriate 
use of 
instruments 
Careful handling of 
tissue but occasionally 
caused inadvertent 
damage 
Consistently 
handled tissues 
appropriately with 
minimal damage 
Time & 
Motion 
Many 
unnecessary 
moves 
Efficient time/motion 
but some unnecessary 
moves 
Economy of 
movement and 
maximum 
efficiency 
Instrument 
Handling 
Repeatedly 
makes tentative 
or awkward 
moves with 
instruments 
Competent use of 
instruments although 
occasionally appeared 
stiff or awkward 
Fluid moves with 
instruments and 
no awkwardness 
Knowledge 
of 
Instruments 
Frequently asked 
for the wrong 
instrument or 
used an 
inappropriate 
instrument 
Knew the names of most 
instruments and used 
appropriate instrument 
or the task 
Obviously 
familiar with the 
instruments 
required and their 
names 
Use of 
Assistants 
Consistently 
placed assistants 
poorly or failed to 
use assistants 
Good use of assistants 
most of the time 
Strategically used 
assistant to the 
best advantage at 
all times 
Flow of 
Operation & 
Forward 
Planning 
Frequently 
stopped OR 
needed to discuss 
next move 
Demonstrated ability for 
forward planning with 
steady progression of 
operative procedure 
Obviously 
planned course of 
operation with 
effortless flow 
from one move to 
the next 
Knowledge 
of Specific 
Procedure 
Deficient 
knowledge. 
Needed specific 
instruction at 
most operative 
steps 
Knew all important 
aspects of the operation 
Demonstrated 
familiarity with 
all aspects of the 
operation 
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Appendix E Observational Teamwork Assessment for Surgery 
Surgical team Exemplar Behaviours Rating 
Communication • Asks team if all prepared to begin operation 
• Requests & instructions to team communicated clearly and 
effectively 
• Provides information to whole team on progress 
• S informs the team of technical difficulties and/or changes of 
plan 
Coordination • Surgeons' co-ordinate assistance use of equipment such as 
camera or retractor. 
• Contribute to smooth exchange of instruments and provisions 
with SN 
Cooperation/ 
Back up 
behaviour 
• Responds to questions and requests from Nursing team 
• Responds to question & requests &om Anaesthetic team 
• Helps with smooth instrument exchange with SN 
• Supports S-group assistants/compensates for lack of 
experience 
Leadership • Instructions and explanations provided to assistants 
• Advices A-team or N-team to call for help if required. 
• Supervision provided for staff lacking familiarity with tasks or 
equipment 
• Assertive in controlling noise and distractions in OR. 
Monitoring/ 
Situational 
Awareness 
• Surgeon asks anaesthetist about patient condition 
• Asks Scrub Nurse if swabs, needles, and instrument count 
correct. 
Rating Anchor Brief Anchor Definition 
6 Exemplary behaviour; extremely effective in enhancing team function 
5 Behaviour highly enhances team function 
4 Behaviour moderately enhances team function 
3 Team function neither hindered nor enhanced by behaviour 
2 Slight detriment to team function through lack of/inadequate behaviour 
1 Team function compromised through lack of/inadequate behaviour 
0 Problematic behaviour; team function severely hindered 
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Appendix F Mental Imagery Questionnaire 
1. How ready or "energised" do you feel to carry out a VR laparoscopic 
Not at all 
ready/"energised" 1 2 3 4 5 6 7 
Very ready/ 
"energised" 
2. How confident do you feel to carry out a VR laparoscopic Cholecystectomy? 
Not at all 
confident 1 2 3 4 5 6 7 
Very 
confident 
3. How well do yoi 
relative to others 
11 think you can perform a VR laparoscopic Cholecystectomy 
it your stage (i.e., other medical students)? 
Not Well 
at all 1 2 3 4 5 6 7 Very Well 
4. Think about the activity that you have been doing in 
do you think this was in preparing you to perform a VI 
Cholecystectomy compared to others who have not hat 
the past hour. How helpful 
I laparoscopic 
this activity? 
Not 
helpful 
at all 
1 2 3 4 5 6 7 Very helpfol 
5. How easily can you "see" yourself performing a VR laparoscopic 
Cholecystectomy? 
Not 
easily at 
all 
1 2 3 4 5 6 7 Very 
easily 
6. How vivid and clear are the images of a VR laparoscopic Cholecystectomy in 
your mind? 
Not 
vivid/clear 
at all 
1 2 3 4 5 6 7 Very 
vivid/clear 
7. How easily can you "feel" yourself performing a VR laparoscopic 
Cholecystectomy? 
Not easily 
at all 1 2 3 4 5 6 7 
Very 
easily 
8. If you were asked to talk 
Cholecystectomy, how easi 
someone through the steps of a VR laparoscopic 
y would you be able to do that? 
Not easily 1 . 
at all 1 2 3 4 5 6 7 
Very 
easily 
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Appendix G Invitation to recruit surgeons 
imperial College 
London 
CRISIS TRAINING FOR SURGEONS 
03/11/2008 INVITATION 
STUDY STRUCTURE 
Each participant will have the 
opportunity to perform: 
Laparoscopic skills training 
Virtual Reality Laparoscopic 
Cholecystectomy in a skills 
lab 
Two Virtual Laparoscopic 
Cholecystectomies in a fully 
simulated operating theatre 
Followed by: 
Structured debriefing with 
expert trainers 
EXPERT TUITION ON TECHNICAL & NON TECHNICAL SKILLS 
Would you like individual one-to-one training using the latest 
in simulation technology? 
Would you like structured feedback from an Expert Surgeon, 
Anaesthetist and Psychologist on your performance? 
If so this is for youl 
Who is eligible? 
General Surgeons and 
trainees who have performed 
at least one Lap Chole (even 
under supervision) 
When? 
Most Thursday and Friday 
afternoons 12-4 pm (only one 
subject per session) 
Where? 
St. Mary's Hospital 10th Floor, 
Simulation centre 
AS THIS IS PART OF A 
RESEARCH STUDY, IT IS FREE! 
Interested? Please Email 
Sonal.Arora06@imperial.ac.uk 
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Appendix H Sample participant information sheet for SOT 
study 
You are being invited to take part in a research study. Before you decide it is important 
for you to understand why the research is being done and what it will involve. Please 
take time to read the following information carefully. 
What is the purpose of the study? 
There has been much research into the long term effects of stress within the medical 
profession, but little has been done to examine acute stress. This project focuses on 
acute stress in the OR to identify the sources of stress and how individual surgeons 
respond to these stressors. I will be testing an intervention to give individually targeted 
support to develop coping strategies to deal with stress. 
Why have I been chosen? 
I hope to recruit a total of 30 surgeons from General Surgery. 
Do I have to take part? 
It is up to you whether or not to take part. If you decide to take part, you will be given 
this information sheet to keep and be asked to sign a consent form. If you decide to 
take part, you are still free to withdraw at any time and without giving a reason. 
What will happen to me if I take part? 
You will be asked to complete the following; 
1. When you sign up, you will fill in a questionnaire about your demographics 
2. You will be given the opportunity to familiarise yourself with the simulator in a skills 
lab 
3. Following this you will undergo two simulations of a lap chole in a simulated OR. 
These will be at least half an hour apart. 
4. The following measures will be collected from you 
a. Saliva sample (for Cortisol measurements) before and after the procedure. 
b. You will wear a heart rate monitor during the procedure. 
c. Short pre- and post-surgery questionnaires. 
What will I do in the simulations? 
Throughout the simulations in the Simulated OR, please act and behave in the way 
you would normally do in a real OR. When you enter the simulated OR, the ports have 
already been inserted. You will continue the case from that point. The procedure will 
end when you successfully manage to extract the gallbladder. The two cases of 
Laparoscopic Cholecystectomy you perform may be routine or there may be problems. 
If any problems arise, please try to respond to them and work around them as you 
would do in real OR. I would urge you to try to complete the case, if you are able to do 
so. If however, you feel you cannot continue for any reason, you can call for help, as 
you would do in real OR. 
Finally, at the last part of the procedure when you are dissecting the gallbladder from 
the liver bed, there is a known problem with computer graphics which distorts the 
image. Please try to continue. You will find that altering how you retract the gallbladder 
may help throughout this. 
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How do I change between instruments? 
When you change instruments, you will have to completely withdraw the instrument 
you Ire using and hand it back to the nurse (just as you would do in real OR). You will 
then have to ask for the next instrument you require. 
However when you insert the new instrument (which looks exactly like what you 
handed back), you will have to 'click' it to see the range of instruments appear on 
screen. You then select what you require. 
Although instruments can thus be changed by simply 'clicking' between them, I will 
require you to actually go through the process of removing the instrument, handing it 
back to the nurse, asking for the next one and re inserting as this is what you would do 
in real OR. Only once you have re -inserted, should you click to get the equipment of 
choice. 
What are the possible disadvantages and risks of taking part? 
I do not foresee any disadvantages of taking part in the study. However participants 
attending the intervention in the simulated OR will be subjected to a variety of stressors 
(that they may encounter in their normal practise) in a controlled way. Participants are 
free to terminate the intervention at any time. There will be a psychologist present 
should they wish to discuss anything. 
What are the possible benefits to taking part? 
The aim of the project is to provide individually targeted support to develop coping 
strategies for stressful events in the OR. I hope that those participants who are invited 
to the intervention will benefit from this training. 
What if something goes wrong? 
I do not foresee anything going wrong. However if there are any problems, you are free 
to terminate the observation or intervention at any time. If you have a problem in the 
simulation, terminate it by saying 'please call for help, I cannot continue' 
Will my taking part in this study be kept confidential? 
However, all the data I collect from you will be anonymised by allocating you a code. 
Any paperwork containing your identity will be kept separate to anonymised data 
collected during the study. If there are any audio or video recordings, they will only be 
used by the project team to supplement observations of stress and coping strategies. 
They will not be shown to anyone outside the research team and can be destroyed as 
soon as your participation in the project comes to an end if you request. 
What will happen to the results of the research study? 
The results will be presented in departmental meetings, international conferences and 
peer reviewed journals. All data presented will be anonymous. 
Who is funding the research? 
This research is funded by BUPA 
Who has reviewed the study? 
This study was given a favourable ethical opinion for conduct by St Mary's Research 
Ethics Committee. 
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Appendix I Sample consent form 
Study Number: 05/Q0403/163 
Participant Identification Number for this study; 
Title of Project: Reducing Intra operative stress in surgeons: developing an 
interventional tool 
Name of Researchers: Miss Sonal Arora, Dr Nick Sevdalis, Dr Roger Kneebone, Prof Ara Darzi 
I confirm that I have read and understand the information sheet 
For the above study and have had the opportunity to ask questions. O 
I understand that my participation is voluntary and that I am free to withdraw 
at any time, without giving any reason, without legal rights being affected. O 
I understand that my anonymised evaluations may be looked at by responsible 
individuals from our research team and that my data will be collated with other 
participants so that I cannot be identified individually. 
O 
I agree to take part in the above study. O 
Name of Participant Date Signature 
Miss Sonal Arora 
Name of Person tal<ing consent 
(if different from researcher) 
Date Signature 
Researcher Date Signature 
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Appendix J Case scenario for Surgeon 
Case information provided to surgeon prior to entering Simulated OR 
You are the on call Surgical Registrar at St Mary's Hospital working for Mr Anderson, 
a Consultant General Surgeon. It is his weekly elective list today and the last patient on 
the list is Mrs Helen Williams for a lap chole. She is a 68 year old hypertensive smoker 
and suffers from stable angina. She has also had a recent chest infection from which she 
has now recovered. Mrs Williams has seen her cardiologist prior to this operation and 
has been given the go ahead. ECG and Echo have been ok. 
She has had several recent admissions with upper abdominal pain - the Ultrasound 
confirms acute cholecystitis. A recent ERCP done 5 days ago was normal. Blood tests 
are within normal parameters. 
Your consultant has been called to the OR next door, to help the gynaecologists out 
with an emergency. He has asked you to get on with Mrs Williams. 
You as the surgical registrar must proceed to OR 3 and complete the operation 
you will need to scrub up and gown up appropriately 
the anaesthetist, scrub nurse and your assistant are all present 
the ports have been inserted and a full laparoscopy performed - all satisfactory 
you are to complete the dissection and safe removal of the gallbladder 
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Appendix K Simulated OR stressful scenario 
Stressors include: 
1. Problems with the intra-abdominal pressure - it will be too high so patient will 
desaturate 
2. Problems with equipment and team - scrub nurse to say that much of the 
equipment is not available or someone will go to get it and/or to drop 
equipment, scrub nurse is junior and not familiar with procedure and does not 
hear/understand surgeon often throughout. Persistent communication problems 
with the nurse. Assistant persistently shows the wrong view. Anaesthetist is very 
irritable and pushy from time perspective. The circulating nurse also keeps 
'disappearing' and is not there when you need her to be 
3. Distractions and time pressure: music, bleeps going off, people chatting in 
background, people walking in and out, phone call to say there is a sick patient 
in A+E 
4. Problems with patient: the anaesthetist will inform that BP and cardiac indices 
are deteriorating 
5. Technical difficulty: Gallbladder will be difficult to dissect off the liver with an 
additional abnormal anatomy 
Script for actors 
Assistant is in place holding the camera 
N and A in usual position 
No one to talk initially (wait and see if surgeon introduces himself checks who is in the 
team etc) 
Scenario starts. 
Ass: Hi I'm in safely... 
Wait for surgeon to approach table 
Ass: Is this view ok? 
Surgeon should begin dissection, he may ask several questions such as is the patient 
stable? A to reply she was ok, but I am having a few problems with her BP... 
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Problem 1-Pressure too high (As surgeon begins dissection of Calot's triangle) 
If Surgeon asks what is the pressure? 
Scrab nurse: it is set at 20. 
Surgeon should ask for it to he turned down - circulating nurse to do so 
If surgeon does not ask about/check pressure, 
A: She is not doing too 111, she is beginning to desaturate.. have you done something? 
Surgeon should say no 
A: She is desaturating even more, can you hold on please? 
Surgeon should acknowledge this and stop - he should ask what's the problem? 
If surgeon does not realise the pressure is too high, 
A : what is your pressure? 
Surgeon should then notice it is 20 ie too high. He should ask for it to be turned down. 
The circulating nurse will do this. Silence as everyone waits for surgeon to 
acknowledge problem - if not 
Ass: sorry forgot to check pressure when I started 
Surgeon should check with anaesthetist if its ok to carry on, if he does 
A: yes she is much better now - continue 
If surgeon continues without checking 
A : hold on a minute mate, I am still trying to stabilise her {irritated). 10 sees of 
fiddling by anaesthetist 
A : ok carry on 
Surgeon continues with dissection. 
Problem 2 - Equipment Problems & poor teamwork (As surgeon asks for clip 
applier) 
Surgeon may ask could I have the clip applier pis.. 
Nurse : No you didn't say you wanted it. 
If surgeon says he does. 
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Nurse: ok Well when the other nurse comes in I'll ask her to get it, not sure where she 
has gone. 
As surgeon changes instrument, the nurse accidentally drops it... at the same time the 
problems start at the top end.. 
Surgeon will ask for a new instrument, 
Nurse ; ok I'll try to get another one (talks to circ nurse - can you get me another) 
After much delay - new instrument presented. 
Dissection continues for one minute. Assistant to persistently present a bad view to the 
surgeon. Surgeon shouldfix the view. 
Problem 3 - Distractions and time pressure (After the surgeon has clipped and cut 
cystic artery and duct) 
People walking in and out of OR 
People chatting in OR 
Music turned up slowly 
,,,then everyone except team leaves. 
Bleep goes o f f . No one answers. Bleep goes off again until surgeon asks for it to be 
answered. 
Nurse; there is no one around to answer it - she has gone to fetch the endo bag... 
Bleep goes o f f , as it does... 
A : How much longer are you going to be? I really need to get on... 
Circulating nurse comes in 
N; Could you get the bleep pis 
Circulation nurse answers bleep - it is a stabbing in A+E..canyou come?. 
People start walking in and out of OR 
Problem 4 - Patient deteriorates (As surgeon is dissecting gallbladder from liver 
bed) 
A: look I really need to get on - 1 can't keep her BP stable and she's having changes on 
her trace... 
People standing around chatting in background - start to talk louder if surgeon does 
• not ask for quiet 
A; She is worsening 
Surgeon will continue with procedure until gallbladder is separated from liver 
scenario ends here or if surgeon calls for help... 
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Appendix L Final Mental Practice script 
Instructions for participant 
This script contains the tasks of a Laparoscopic Cholecystectomy but has additional 
sensory cues so that you can feel fully engrossed in the experience. These sensory cues 
within the script are colour coded, using traffic light colours - red, amber and green. 
Every time you come across one of the colours on the script, please pause and actually 
do what the colour represents. 
Red represents STOPPING AND LOOKING at something, in this case please try and 
actually call up a detailed picture in your mind of what you would be seeing. 
Amber represents THINKING AND SPEAKING and may include what you might say 
or hear at that point 
Green is GO which means you should actually try and feel you are doing that action. 
Essentially this will help you see, feel and hear the experience of doing the 
Laparoscopic Cholecystectomy- as if you were actually performing it. 
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Mental Practice Script 
Positioning and preparation 
Imagine entering the OR where you can clearly see the rest of the team are already 
present. You introduce yourself to the team and clearly ask for their names and level of 
experience. 
You feel confident and ready for the challenge that lies ahead, knowing that this 
procedure is one with which you are very familiar. However, you think about a 
contingency plan in case there is a problem and you inform your team who to call if 
there is a problem. You tell them that another consultant is in clinic and available if 
need be, for example. You also inform the team that you are on call and ask the 
circulating nurse to immediately answer the phone if it rings and take a message and if 
urgent for them to call another registrar on bleep 
As you have just entered the case, you pause to check your equipment. You ask the 
scrub nurse if all the equipment is available and working - specifically you ask for the 
diathermy, clip applier and endo bag to be available. If something is missing, you can 
see the circulating nurse is there and ask her to get it for you before you start. 
You scrub and gown appropriately and approach the patient on the table. You see the 
anaesthetist at the head end and this reminds you to ask the anaesthetist how is the 
patient so far and if she has had any antibiotics. You realise that you were not there 
when the pneumpoertoneum was created so you diligently check the pressure and 
correct it if necessary. 
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You look at the camera view to see if it's ok and if clearly ask your assistant if they are 
comfortable holding the camera. You wait for them to reply before proceeding. You can 
clearly see the bluish gallbladder and the yellow fatty tissue around calots triangle 
Finally, you ask the anaesthetist if it's ok to start. He replies. You're not sure that 
you've heard so you ask again. He speaks loudly, clearly, 'Yes - go ahead' 
Insert laparoscopic ports 
You ask your assistant to keep what you're doing in the centre of the screen as you 
complete the insertion of the ports. 
Perform laparoscopy and retract gall bladder 
You ask your nurse for the toothed grasper/gallbladder retractor and another grasper. 
You push these through the ports. You try and grasp the hartmanns pouch but it slips. 
Then you really push in and this time you manage to get hold of it. You push the 
gallbladder over the liver until you feel a sort of springiness and then hold it firmly in 
place with your left hand. 
Expose Calot's triangle 
You see a few adhesions onto hartmanns pouch, whitish yellow in colour but you are 
not too concerned because they look very filmy, very thin. 
There's a bit of yellow fat covering the hartmanns pouch and the cystic duct so you take 
a hook diathermy with your right hand. You touch the fat with the heel of the diathermy 
whilst pressing the pedal and as you do so you can hear a sort buzzing noise. There's a 
bit of smoke as Well. This makes a small window in the fatty area. You gently put the 
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hook into this window, pull it towards you and buzz. You regularly update your team 
with what you are doing and ask the anaesthetist how the patient is faring. 
Dissect and expose cystic artery and cystic duct 
You think you can see some duct like structures around Calot's triangle but there still 
seems to be a few strands of fat over them. You hook these strands, pull them towards 
you and dissect them off until you begin to see the cystic duct. This looks whitish pearly 
colour. You are very careful to make sure you divide the fibrotic and fatty tissue only 
not any vessels. Whilst you are dissecting, you regularly ask the anaesthetist how the 
patient is doing. 
You change your diathermy to a Maryland's now because you're wary of causing 
bleeding. Slowly you try to manoeuvre your Maryland to try and get behind the duct, 
gently opening and closing it as you work your way round the duct. You inform your 
team that you are at a tricky part of the procedure and just ask them politely to be quiet 
so you can concentrate. If they appear not to hear you, you ask them again more firmly 
this time. You are pretty sure that this 7-10mm tube is the duct as you follow it into the 
gallbladder. 
You expect the cystic artery to be just above this, but there are still a few fatty strands 
which you dissect off You see the artery now, darker, pinkish red and thinner than the 
duct. You make sure that you can pass your instrument between the duct and the artery, 
dissecting a gap behind the artery itself 
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Clip the Cystic Duct and Artery 
You make sure your assistant is happy with the camera and if not, pause until she is. 
You ask the nurse for the 10mm clipper which you introduce it into the epigastric port. 
You place it behind the cleared area of the duct, making sure you can see its back jaws. 
Making sure its as flush to the cystic duct as possible, you position it as close to the 
gallbladder as possible. Slowly and deliberately you close the clipper and hold it there 
for a few seconds. You open it and you are happy to see your clip in place. You place 
two further clips on the stay side, each time making sure you can see the back jaws of 
the clipper. 
Whilst you are doing this, you ask the assistant to keep what you are doing in the centre 
of the screen so you can clearly see what you are clipping. If there is a problem, you 
pause until you are sure she is ok to continue. 
You now take the clipper back and clip the artery. This feels a lot easier to clip than the 
duct. You put one clip towards the gallbladder and two on the stay side 
Cut Cystic Duct and Artery 
You remove the clipper. You then put some scissors into the port and still retracting 
with your left hand, you slowly cut between the clips on the cystic duct and then the 
artery. You inform your team that you are not too far from finishing now. You tell the 
anaesthetist that you will be max ten mins. 
Slowly and carefully, you extend this window, working your way up the 
anterior/posterior surface of the gallbladder and the liver edge, using your left hand to 
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guide you, pulling and buzzing, pulling and buzzing. You pull the gallbladder to the 
patient's right as you incise the left peritoneal reflection. You make sure that you keep 
your dissection as close to the gallbladder as possible. Then you carry this on up the 
posterior/anterior wall of the gallbladder and liver, moving the gallbladder to the 
patient's left as you incise the right peritoneal reflection. 
Dissect gallbladder off liver bed 
You inform your team that you are now nearly done. You pause for a few seconds and 
look at the stump. Happy that there is no bleeding or bile leak, you ask for the hook 
diathermy. You can still see some loose fibrotic strands attaching the gallbladder to the 
liver bed. Using your left hand to provide traction, you place the heel of the diathermy 
hook against these strands. If necessary, you ask your assistant to pull the gallbladder 
towards the patients right foot so you can see the gap between the gallbladder and the 
liver more clearly. You take the strands quite carefully either hooking them and pulling 
towards you or touching them gently with the heel because you don't want to make a 
hole in the gallbladder. The smoke from the diathermy begins to fill up the abdomen, so 
you ask the nurse to open one of the ports to let the gas out. You can see a bit of 
bleeding but you just buzz this as you go along. 
Finally you buzz though the last few strands and you have finished taking the 
gallbladder off the liver bed. The liver then flops down. You ask your assistant to take 
his instrument off as you hold the gallbladder with your left hand grasper. You inspect 
the liver bed and if there is any bleeding you infiltrate some saline wash and suction it 
out. You carefully push your sucker over the liver and in all the spaces to get the fluid 
out. You check the clips, they look in place and everything looks nice and dry. 
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Extract the dissected gallbladder 
You take the camera out of the umbihcal port and place it in the epigastric port. You 
ask your assistant to take the camera which he does. You ask the nurse for the 
endocatch bag which you push in and open with your right hand. Using your left hand 
instrument which is holding the gall bladder, you flop the gallbladder into the bag and 
pull the cord of the bag. Gradually, you pull the bag out asking your assistant to follow 
you with the camera as it comes up to the port. You then pull the port and the endocatch 
bag which come out as one. 
Final Check and irrigation, close up patient 
You re-insert the umbilical port and the camera through it. Checking for a last time that 
everything is dry, you are satisfied and remove all the ports. You say to the anaesthetist 
'please straighten the patient.' You then close the port wounds and skin. You help the 
nurse wash, dry and dress the wound. Then you stand back, rip off your gown and 
gloves and put them in the yellow bin at the comer of the room. You come back into 
OR, write the op note whilst your assistant fills the specimen form. You say 'thanks 
everyone' as you exit the OR 
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